Mariner Mars 1964 Missions Scheduled for Early November by unknown
N A I I O N A L  A€RONAUTI(S AND SPACE ADMINISTRATION wc) ;-,$I r,r, 
WASHINGTON DC 20546  lELS WC) w,w -, 
FOR RELEASE: THURSDAY A M ' s  
October 29, 1964 
N64 3 3 8 5 6  
R 
E 
S 
S 
SCHEDULED LAUNCH: 
Mariner C: No e a r l i e r  than Nov. 4 
Mariner D: Two days t o  one month 
la te r  
CONTENTS 
T i t l e  Page 
GENERAL NEWS REUASE . . . . . . . . . .  1-5 
MARINER MARS 64 TECHNICAL BACKGROUND . . 6 
MARINER DESCRIPTION . . . . . . . . . .  6 
Power 9 
Communications . . . . . . . . . . . .  1 2  
Midcourse Motor . . . . . . . . . . .  16 
Att i tude Control 17 
Central  Computer and Sequencer . . . .  20 
Temperature Control . . . . . . . . .  21  
. . . . . . . . . . . . . . . .  
. . . . . . . . . . .  
. . . . . . . . .  SCIENTIFIC EXPERIMENTS 24 
Data Automation System . . . . . . . .  24 
Televis ion 25 
Occultation Experiment 29 
Solar  Plasma Probe 31 
Ion iza t ion  Chamber Experiment 34 
Trapped Radiation Detector 35 
HeliwnVector Magnetometer 36 
Cosmic Ray Telescope (CRT) 39 
Cosmic Dust Detector . . . . . . . . .  40 
. . . . . . . . . . . . . .  . . . . . . . .  . . . . . . . . . .  . . . .  . . . . . .  . . . . . .  . . . . . .  
-Q 
. 
LAUNCH VEHICLE . . . . . . . . . . . . .  42 
LAUNCH VEHICLE STATISTICS 43 
Countdown Milestones 44 
. . . . . . .  . . . . . . . . .  
-more- 
https://ntrs.nasa.gov/search.jsp?R=19640023942 2020-03-11T17:15:22+00:00Z
“ k  ‘. \* CONTENTS Cont. 
T i t l e  Page . 
THE MISSION . . . . . . . . . . . . . . 45 
Atlas-Agena Separat ion . . . . . . . . 45 
Coast Period . . . . . . . . . . . . 46 
F i r s t  Spacecraf t  Events . . . . . . . 47 
Midcourse Maneuver . . . . . . . . . . 50 
Encounter . . . . . . . . . . . . . . 53 
Tra jec tory  . . . . . . . . . . . . . 56 
DEEP SPACE NETWORK . . . . . . . . . . . 60 
Sun-Canopus Acquis i t ion . . . . . . . 48 
MARINER PROJECT TEAM . . . . . . . . . . 65 
CONTRACTORS . . . . . . . . . . . . . . 68 
SUBCONTRACTORS . . . . . . . . . . . . . 69 
-0- 
RELLASE NO: 64-266 
October 29, 1964 
MAIILN3R ElARS 1964 
PII S SI ONS SCmDULED 
FOR EARLY NOVElmER 
The United S t a t e s  w i l l  soon undertake the most 
d i f f i c u l t  mission y e t  i n  i t s  program o r  uiimanned space 
explorat ion.  
Two i d e n t i c a l  Mariner spacecraf t  w i l l  be launched 
from Cape Kennedy, Pla., toward the  p l ane t  Mars by the 
Yational Aeronautics and Space Administration within a 
month-long period beginnin,.-, no  ear l . i e r  than Nov. 4. 
The m i s s i o n  i s  unprecedented: 
- The f l i z h t  d i s tance  t o  Mars i s  some 350 mil l ion  
miles compared wi th  180 m i l l i o n  miles f o r  the 1962 Mariner I1 
‘ f l i g h t  pas t  Venus. 
- The Mars f l i g h t  time i s  about eight-and-one-half 
months compared with the  three-and-one-half months f o r  
Mariner 11. 
- A communications distance of 150 mi l l ion  miles Yor 
t h i s  mission compares with the  record 53.9 mi l l ion  miles 
e s t ab l i shed  20 days a f t e r  Mariner I1 flew p a p -  i Veiiu:; . 
- Some 138,000 components i n  each ktrs ~la:-jncr \vi11 
have t o  function s c i e  6,500 hours i i i  space. 
-more - 
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- Extreme demands w i l l  be placed on the accuracy 
and performance of the Atlas-Agena D launch vehic le .  
T h i s  will be the f i r s t  NASA use of the  improved Agena D 
second s tage on an Atlas D booster .  
Because of the d i f f i c u l t y  of the mission, new engineering 
appl ica t ions  required f o r  t h i s  mission include use of an 
improved propel lan t  system f o r  the Agena D launch vehic le  
second stage,  a new spacecraf t  r ad io  system, the f i r s t  use 
of  the s t a r  Canopus f o r  spacecraf t  a t t i t u d e  reference,  and a 
midcourse motor capable of f i r i ng  twice. 
Despite their  complexity, these  missions a r e  being under- 
taken because Mars i s  of physical  and geologica l  i n t e r e s t  
and o f fe r s  the best opportunity i n  our s o l a r  system f o r  shedding 
l i g h t  on the  p o s s i b i l i t y  of e x t r a t e r r e s t r i a l  l i f e .  These 
f i rs t ,  pioneering missions,  however, are not  designed t o  
provide answers t o  the question of l i f e  on Mars. 
The Mariners w i l l  be  mated t o  the Atlas-Agenas on Launch 
Complexes 1 2  and 13 a t  Cape Kennedy. A t h i r d  back-up f l i g h t  
spacecraf t  has been checked out  and could be s u b s t i t u t e d  i f  re- 
quired.  The f i rs t  Mariner launched w i l l  be designated Mariner C .  
The second, which w i l l  be launched no ear l ie r  than two days but  
wi th in  four weeks of the f i r s t ,  w i l l  be Mariner D. 
-more- 

If launched successfully, they will be designated 
Xariner I11 and briner IV. Became of their trajectories, 
the two spacecraft will arrive at Mars about two to f o u r  days 
apart in mid-July of next year. 
Mission objectives are to provide engineering experience 
on the operation of spacecraft during long-duration flights 
away from the Sun and to perform scientific measurements in 
interplanetary space between the orbits of Earth and Mars and 
in the vicinity of Mars. 
Eight scientific investigations can be performed by 
each spacecraft. 
Six are designed to measure radiation, magnetic fields 
and micrometeorites in interplanetary space and near Mars. 
If all goes well, two additional experiments could 
be conducted by each Mariner in t he  vicinity of Mars. 
single television camera could t ake  up to 22 still photographs 
A 
of Mars, and an occultation experiment to determine character- 
istics of the Martian atmospheric pressure is planned. 
The resolution of the television pictures of Mars and 
the area of the planet they will cover are difficult to predict 
because they depend on the fly-by distance from the planet. 
-more- 
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If planned t r a j e c t o r i e s  a r e  achieved, however, the p i c tu re s  
should be comparable i n  d e t a i l  wi th  photographs of t he  Moon 
taken by the best Earth-based telescopes.  
I f  des i red  accuracies  are obtained a t  launch and during 
midcourse maneuver, the spacecraf t  w i l l  f l y  by Mars i n s i d e  a 
roughly oblong zone some 7,000 miles wide and 10,000 miles 
long centered 8,600 miles from the Martian sur face .  I f  on 
, 
t h e  desired t r a j e c t o r y ,  the spacecraft  w i l l  pass  Mars between 
the Martian equator and the South P o l e  on the t r a i l i n g  edge 
of the planet as viewed from Earth.  
Useful p lane tary  da t a  could be obtained, however, within 
54,000 miles of the p l ane t .  
Physical ly ,  the Mars Mariner spacecraf t  have evolved 
from the familiar Mariner 11. Each w i l l  weigh 575 pounds i n -  
cluding about 60 pounds of s c i e n t i f i c  instruments with a Data 
Automation System. Because the spacecraf t  w i l l  be t r ave l ing  
away from the Sun, each w i l l  have four s o l a r  panels i n s t ead  of 
t h e  two ca r r i ed  by Mariner 11. 
The Mariner program i s  directed by NASA's Office of Space 
Science and Applications.  
to the  J e t  Propulsion Laboratory, Pasadena, Cal i f . ,  operated 
by the Cal i forn ia  I n s t i t u t e  of Technology. JPL designed, b u i l t  
It has assigned p r o j e c t  management 
-more- 
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a i d  tested the  Mariner spacecraf t .  N A S A ' s  L e w i s  Research 
Center,  Cleveland, i s  responsible f o r  the Atlas-Agena launch 
vehic le  and Goddard Space F l igh t  Center's Launch Operations 
w i l l  supervise the launch a t  Cape Kennedy. 
Tracking and communication w i t h  t he  Mars Mariners will 
be by the NASA/JPL Deep Space Network (DSN) .  
permanent DSN s t a t i o n s  a t  Goldstone, C a l i f . ;  Woomera, Austral ia ;  
and Johannesburg, South Africa,  two new s t a t i o n s  a t  Madrid, 
Spain; and Canberra, Austral ia ,  a r e  under construct ion and 
may be a c t i v a t e d  during t h i s  miss ion .  
s t a t i o n s  t o  J P L ' s  Space F l igh t  Operations F a c i l i t y  i n  Pasadena 
which w i l l  con t ro l  the mission. 
I n  add i t ion  t o  
A l l  data w i l l  f low from DSN 
S c i e n t i f i c  i nves t iga t ions  aboard the  Mariners are pro- 
vided by s c i e n t i s t s  represent ing e ight  u n i v e r s i t i e s  and two 
NASA l abora to r i e s .  
-0- 
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MARINER MARS 1964 TECHNICAL BACKGROUND 
An opportunity for a mission t o  Mars comes only once 
every 25 months. Because opportunities are rare and the 
mission is difficult, it was determined to launch two 
identical Mariner spacecraft to Mars during the 1964 opportunity. 
The following spacecraft and mission description is equally 
applicable t o  Mariner C or Mariner D. 
MARINER DESCRIPTION 
The Mariner Mars fly-by spacecraft were designed and 
built by the Jet Propulsion Laboratory in Pasadena, Calif. 
Industrial contractors provided subsystems and components. 
Mariner's basic structure is a 30-pound eight-sided mag- 
nesium frame-work with seven electronics compartments. The 
midcourse rocket propulsion system takes up the eighth 
compartment. The compartments themselves provide structural 
support to the spacecraft. 
Four solar panels, each 713 inches long and 35-$ inches 
wide, are attached t o  the top or sunward side of the octagon. 
Solar pressure vanes which will act as an auxiliary attitude 
control system during Mariner's flight, are located at the 
ends of each panel. 
MARINER /MARS SPACECRAFT 
LOW - GAIN ANTENNA 
MAGNETOMETER 
HIGH - GAIN ANTENNA 
TRAPPED RAD1 AT1 ON 
PROPU LSI ON ASS E M  BLY 
LOUVERS Y 
SOLAR PRESSURE VANE 
w 
TY PlCAL ELECT RON IC ’ 
u :E;’/ TV CAMERA I \a 
PLANET SCAN SENSOR CANOPUS SENSOR 
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The i n t e r i o r  of the octagon contains gas b o t t l e s  and 
r egu la to r s  f o r  Mariner's dual a t t i t u d e  cont ro l  gas system. 
Propel lan t  tank f o r  the l i qu id - fue l  midcourse motor i s  
supported by a can t i l eve r  arrangement i n s i d e  the octagonal 
cav i ty ,  w i t h  the  rocket  nozzle protruding through one of the 
e i g h t  sides of the spacecraf t .  
Two sets of a t t i t u d e  cont ro l  je ts  cons is t ing  of s i x  
J e t s  each, which cont ro l  the  spacecraf t  on three axes, a re  
, mounted on the ends of the s o l a r  panels near  the pressure 
vane actuators .  
The high-gain antenna i s  at tached t o  the  spacecraf t  by 
an eight-legged supers t ruc ture  a top the octagon. Its honey- 
comb d ish  r e f l e c t o r  i s  an e l l i p s e ,  46 inches by 21 inches,  and 
i s  parabol ic  i n  cross-sect ion.  The antenna, which weighs only 
4 1/2 pounds, i s  i n  a f ixed  pos i t i on  so tha t  i t  w i l l  be polnted 
toward the Earth during the l a t t e r  half of the Mariner f l i g h t  
including planet encounter and post-encounter phases. 
The low-gain omni antenna i s  mounted on the end of a 
c i r c u l a r  aluminum tube, 3.88 inches i n  diameter and extending 
88 inches from the top of the octagonal s t ruc tu re .  
a c t s  as a waveguide f o r  the low-gain antenna. 
The tube 
-more- 
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The Canopus star tracker assembly is located in the 
J 
shade of the spacecraft on the lower ring structure of the 
octagon f o r  a clear field of view. 
on both the top and bottom surfaces of the spacecraft body 
in order to provide spherical coverage. 
Sun sensors are located 
1 
The eight compartments girdling the spacecraft house the 
following: 
charger and squib firing assembly; Bay 2, midcourse maneuver 
rocket engine; Bay 3, science equipment and Data Automation 
Bay 1, power supply and synchronizer, battery 
System; Bay 11, data encoder (telemetry) and command subsystems; 
Bays 5 m d  6, rad io  ^e??iver, tramxiitters and video tape 
recorder; Bay 7 3  Central Computer and Sequencer and attitude 
contrcl subsystev,: Bay 8, power booster regulator and spacecraft 
battery. 
Six of the electronics compartments are temperature controlled 
by light-weight louver assemblies on the outer surfaces. The 
octagon's interior is insulated by multi-layer fabric thermal 
shields at both top and bottom of the structure. 
The Mariners w i l l  carry scientific instrumentation f o r  
The eighth seven interplanetary and planetary experiments. 
experiment, occultation, requires only the spacecraft zomunica- 
tions system. The ion chamber and helium vapor magnetometer are 
-more- 
mointed on the low-gain antenna support  boom above the  
~ / ~ ‘ ; c e c r a f t .  
a r e  attached t o  the upper octagonal r ing .  
looks through the lower r i n g  of the  octagon from one of the  
compartments. The cosmic dus t  de t ec to r  i s  at tached t o  the 
superstructure  holding the high-gain antenna. 
camera and two planetary sensors a r e  mounted on a scan platform 
below and t o  the center  of the octagon. 
The trapped r a d i a t i o n  de tec to r  and plasma probe 
The cosmic ray te lescope 
The t e l e v i s i o n  
Each Mariner weighs 575 pounds and measures 9 1/2 fee t  t o  
the top  of the low-gain antenna. With s o l a r  panels extended 
a d  s o l a r  pressure vanes i n  up pos i t ion ,  the spacecraf t  spans 
The octagonal s t r u c t u r e  i s  50 22 feet ,  7 1/2 inches across .  
inches across.  
Power 
Primary power source f o r  the Mariner spacecraf t  i s  an 
arrangement of 28,224 photovol ta ic  solar c e l l s  mounted on four  
panels which w i l l  face the Sun during most of the f l i g h t  t o  Mars. 
The c e l l s ,  covering 70 square feet ,  w i l l  c o l l e c t  energy from the  
Sun and convert i t  i n t o  e l e c t r i c a l  power. 
A rechargeable s i lver -z inc  b a t t e r y  w i l l  provide spacecraf t  
power during launch, midcourse maneuver and whenever the panels 
are turned away from the Sun. The b a t t e r y  w i l l  be kept i n  a 
-more- 
l 
-10- 
s t a t e  of Pu l l  charge and w i l l  be ava i l ab le  during p lane t  
encounter a s  an emergency power backup source,  
Two power regula tors  w i l l  d ivide the power load and 
provide redundancy, I n  the event of a f a i l u r e  i n  one, i t  
w i l l  be removed automatical ly  from the l i n e  and the second 
w i l l  be switched i n  t o  assume the f u l l  load. 
The s o l a r  panels w i l l  be folded i n  a near  v e r t i c a l  p o s i t i o n  
above the spacecraf t  during launch and w i l l  be deployed a f t e r  
separa t ion  from the launch vehicle.  Each panel weighs 18,7 
pounds, including the weight of 7056 s o l a r  c e l l s  and p ro tec t ive  
glass f i l t e r s  t h a t  reduce the amount of s o l a r  hea t  absorbed 
withoxL i n t e r f e r i n g  w i t h  the  energy conversion. Lightweight 
panel  s t r u c t u r e s  t h a t  support  the c e l l s  are made of thin-gauge 
aluminum approximating the thickness of ki tchen f o i l .  Panels 
are constructed of  .0035-inch aluminum sheet formed i n t o  a ,  
corrugat ion t h a t  i s  bonded t o  the cell-mounting sur face  made of  
.OOpinch shee t ,  
Nominal power from the  panels i s  expected t o  be 640 watts 
a t  maximum power voltage f o r  cruise  conditions i n  space near  
Earth.  This  power capab i l i t y  decreases to. about 310 waits 
a t  Mars encou.-ter.  T o t a l  power demands during the  mission range 
from about 140 wat t s  during post-encounber playback of t e l e v i s i o n  
data ko 255 watts during a midcourse mzneuver. 
-more- 
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The ba t t e ry  i s  a sealed u n i t  containing 18 s i lve r - z inc  
c e l l s .  Its minimum capac i ty  ranges from 1200 watt hours a t  
launch t o  about 900 watt hours a t  p lane t  encounter.  Load 
requirement on the battery may vary between zero amps and 
9.5 amps with b a t t e r y  vol tages  expected t o  vary from 25.8 and 
33.3 vo l t s .  The b a t t e r y  weighs 33 pounds. 
The ba t t e ry  w i l l  be capable of de l ive r ing  i t s  required 
capac i ty  and meeting a l l  e l e c t r i c a l  requirements within an 
ope ra t iona l  temperature range of 50 t o  120' F. A t  temperatures 
beyond these limits, i t  w i l l  s t i l l  funct ion although i t s  
capab i l i t y  w i l l  be reduced. 
0 
To ensure maximum r e l i a b i l i t y ,  $he power subsystem was 
designed t o  limit t h e  need f o r  battery power a f te r  i n i t i a l  
Sun acquis i t ion .  Except during maneuvers, the b a t t e r y  w i l l  re- 
main i d l e  and f u l l y  charged. 
Under normal f l i g h t  conditions the primary power booster-  
r egu la to r  w i l l  handle a l l  c ru i se  and encounter loads.  A second 
r egu la to r  w i l l  support  power loads during maneuvers. 
an out-of-tolerance voltage condition exis t  i n  the c ru i se  
r egu la to r  f o r  3.5 seconds o r  longer,  the maneuver r egu la to r  
w i l l  take its place on the l i n e .  
Should 
-more- 
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Primary form of power distributed to other spacecraft 
systems is 2400 cycles-per-second square wave. The gyro motors 
use 400 cps three-phase current and the video tape recorder 
motor and science scan motor are supplied with 400 cps single- 
phase current. 
Telemetry measurements have been selected to provide 
the necessary information for the management of spacecraft power 
loads by ground command if necessary. 
The battery, regulators and power distribution equipment 
are housed in two adjacent electronics compartments on Mariner's 
octagonal base. 
Communications 
Two-way communications with the Mariner will be accomplished 
with a radio link between Earth tracking stations and a dual 
transmitter-single receiver radio system aboard the spacecraft. 
The on-board communications system also includes a telemetry 
subsystem, command subsystem, video tape recorder and high and 
low-gain antennas. 
Communications will be in digital form. Radio command 
signals transmitted to Mariner will be decoded -- translated 
from a binary form into electrical impulses -- in the command 
subsystem and routed to their proper destination. Mariner is 
-more- 
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capable of accepting 29 direct commands and one stored 
command. The latter is a three-segment command for 
midcourse trajectory correction and is held in the Central 
Computer and Sequencer until required. 
Data telemetered from the spacecraft will consist of engineer- 
ing and scientific measurements prepared for transmission by 
the data encoder. The encoded information will indicate voltages, 
pressuresJ temperatures, louver and solar pressure vane position9 
and other values measured by the spacecraft telemetry sensors 
and scientific instruments. 
The 100-channel telemetry subsystem is capable of sampling 
90 engineering and science measurements and can operate in four 
sequences in which the data transmitted are (1) engineering 
only during maneuvers; (2) a mix of science data and engineering 
during cruise; (3) science data and television engineering data 
at planet encounter; and (4) stored science data from the video 
tape recorder after Mars encounter with occasional insertions 
of engineering measurements. 
A l l  engineering data and a l l  science data, except !L'V 
pictures, will be transmitted in real time. Science data 
transmitted in real-time at encounter are also recorded with 
the pictures on tape to be re-transmitted with pictures. 
-more- 
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The purpose of the four-sequence opera t ion  of & r j - n e r f s  
te lemetry system i s  t o  obta in  the maximum a v a i l a b l e  sampling 
ra te  on measurements required during a p a r t i c u l a r  phase of 
the snission by not  t r a n s m i t t h g  less use fu l  information during 
that perim. 
Mariner can transmit information to -at tro rates -- 
The greater 9 1{3 b i t s  per second and 33 l/3 bits per second. 
rate w i l l  be used for as long as the signal level Trom the 
spacec ra f t  i s  high enough t o  allow good data recovery. As 
communication d i s t ance  increases ,  a decision will be made t o  
command the data enooder t o  operate at the lesser rate. The 
on-board Central. Computer and Sequencer will back up the data r a t e  
switchover by ground command, which probably will occur sometime 
a f t e r  the f i rs t  10 per cent  of the mission is  completed. 
Synchronizing pulses  w i l l  be spaced at r e g u l a r  i n t e r v a l s  
between the data s i g n a l s  from Mariner. 
equipment w i l l  generate  i d e n t i c a l  pu lses  and match them w i t h  
the  pulses  from the  spacecraf t .  This w i l l  provide a re ference  t o  
determine the loca t ion  of the data signals, allowing rece iv ing  
equipment t o  separate data signals from noise .  
Ground-based receiving 
The spacec ra f t  S-band r ece ive r  w i l l  operate  continuously 
during the  mission a t  2113 megacyales. It w i l l  receive Earth 
commands through e i ther  the low-gain antenna o r  the f ixed  high- 
g a i n  antenna. 
-more- 
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The low-gaFn antem, providing essent ia l ly  uniform 
coverage i n  the f- p w m k s p b r e  of t h  spacec ra f t ,  w i l l  
Switchover tu the high-gain amterma iylEf back tQ the low-gain, 
i f  desired, nray be commanded f r o m  Earth. 
The tmnsmitting subsystem consists of two mxWxkn% 
r ad io  freqmcy pmer amplifiers and two -t radio 
frequency xciters ai wMch m y  conrbinatlon i s  possible. 
Only one exciter-amplifier combimtim m i 3 1  operate a t  arty 
one t i m e .  Selection of' the coarbinatiasr @PI he  by on-board 
l o g i c  with grumd cumm& bacloqp. 
Both power astpliffera #11L operate at a n w i n a l  output 
of 10 watts- Transmitter ie meg,acj;cPes. 
The o p e r a t i n g  transmitter can be canneeted t o  either 
antenna. Switchover w i l l  occur on co-d f r o m  the Central  
Computer and Sequencer w i t h  ground c o m n d  backup. Transmission 
v i a  the high-gain antenna w i l l  be required f o r  approximately 
t h e  l a s t  ha l f  of the mission. At t i tude  of the spacec ra f t  w i l l  
be such that  the high-gain antenna i s  pointed at  Earth during t h i s  
p o r t i o n  of the missior.. 
-more-  
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Weight of Mariner's radio subsystem, including receiver, 
both transmitters, cabling and both antennas, is 42.5 pounds. 
Midcourse Motor 
Mariner's midcourse rocket motor is a liquid monopropellant 
engine capable of firing twice during the Mars mission. 
function is to compensate for divergences from the planned 
launch injection conditions. 
fuel and uses nitrogen tetroxide as the starting fluid. 
Its 
The engine burns anhydrous hydrazine 
The rocket nozzle protrudes from one of the eight sides 
of .Mariner's octagonal base below and between two of the solar 
panels. 
to the panels, hence perpendicular t o  the longitudinal or 
r o l l  axis of the spacecraft. 
The engine's direction of thrust is nearly parallel 
Hydrazine I s  held in a rubber bladder contained inside a 
spherical pressure vessel. The fuel is forced into the conbustion 
charnber by means of a pressurized cartridge. 
maintained by a catalyst stored in the charribep. 
Burning is 
Firing of the engine I-s controlled by the Central  Computer 
and Sequencer, which receives the time, direction and duration 
of firing through the ground-to-spacecraft oommunication link. 
At the command signal from the CC&S, explosively-actuated valves 
allow pressure-regulated nitrogen gas to enter the fuel tank. 
.-  
-more- 
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A timer shutoff mechanism in the CC&S actuates another set of 
valves which stops propellant flow and fuel tank pressurization. 
During rocket engine firing, spacecraft attitude is maintained 
by autopilot-controlled jet vanes positioned in the rocket 
exhaust. 
Re-start capability and redundancy are provided by second 
sets of explosive start and shutoff valves. The second 
midcourse maneuver may or may not be required. 
The midcourse motor can burn for as little as 50 milliseconds 
and can Glter velocity in any direction from less than 1/8 mile 
per hour to 188 miles per hour. Maximum burn time is 100 seconds. 
Thrust is continuous at 50.7 pounds. 
Weight of the midcourse propulsion system, including 
fuel and gas pressurization system, is 47.5 pounds. 
Attitude Control 
Stabilization of the spacecraft during the cruise and 
encounter portions of the Mariner Mars mission is provided by 12 
cold gas jets mounted at the outer ends of the four solar panels. 
They are fed by two bottles made of titanium each holding 2.5 
pounds of nitrogen gas pressurized at 2470 pounds per square 
inch. 
-more- 
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The j e t s  a r e  l inked by l o g i c  c i r c u i t r y  t o  t h r e e  
gyroscopes, t o  the Canopus star sensor and t o  the  primary 
and secondary Sun sensors .  
There are two i d e n t i c a l  s e t s  of s i x  j e t s  and one b o t t l e  
i n  each s e t .  Normally both sets w i l l  opera te  during the 
mission. E i ther  system can handle the e n t i r e  mission i n  the 
event t he  o the r  f a i l s .  
The primary Sun sensor  i s  mounted a top  Mariner 's  octagonal 
s t r u c t u r e  on the S u n l i t  side and the secondary sensors  a r e  
located i n  the  shade of t he  spacecraf t .  These a r e  l i g h t -  
s e n s i t i v e  diodes which inform the a t t i t u d e  c o n t r o l  system when they 
see the Sun. The a t t i t u d e  control  system responds to these s i g n a l s  
by turn ing  the spacecraf t  and point ing the s o l a r  panels  toward 
the Sun. The n i t rogen  gas escapes through the appropr ia te  j e t  
nozzle,  imparting a r e a c t i o n  t o  the spacec ra f t  to c o r r e c t  i t s  
angular  pos i t i on .  
It i s  planned t o  use the  s t a r  Canopus f o r  po in t ing  the 
high-gain antenna back t o  Ea r th  and t o  provide a c e l e s t i a l  re fe rence  
upon which t o  base the  midcourse maneuver. The Canopus sensor  
w i l l  a c t i v a t e  the gas j e t s  t o  roll the spacec ra f t  about the 
a l r eady  f ixed  longi tudina l  o r  r o l l  a x i s  u n t i l  i t  is  "locked" i n  
c r u i s e  p o s i t i o n .  Brightness of the Canopus sensoF's target w i l l  
be  telemetered t o  the ground t o  ve r i fy  the c o r r e c t  s t a r  has 
-more- 
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been acquired. An Earth detector aboard the Mariner also will 
provide engineers with verification of Canopus acquisition. 
This detector cannot see Earth if Canopus has not been acquired 
and is effective only near Earth. 
During firing of the midcourse motor, stabilization will be 
affected by the use of rudder-like deflecting vanes in the rocket 
engine's exhaust stream. The Mariner's autopilot controls 
spacecraft attitude during engine firing by using the three 
gyros to sense motion about Mariner's three axes for positioning 
the jet vanes. 
An auxiliary attitude control system will position sail- 
like vanes at the ends of the four solar panels to correct 
solar pressure unbalance and provide control about the pitch 
and yaw axes within the limit cycle of the gas jet system. 
Each vane consists of seven square feet of aluminized 
Mylar sheet stretched over an aluminum framework. The vanes 
are latched in a furled position against the backs of the solar 
panels during launch. As the panels deploy, the vane is 
released and unfolds like an Oriental fan. Electromechanical 
and thermomechanical actuators control the vane positions. 
of each solar vane, its deployment mechanism, latch, cable and 
actuator, is less than 13 pounds. 
Weight 
Total weight of the attitude control system including 
autopilot is about 624 pounds. 
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Central  Computer and Sequencer 
The Central  Computer and Sequencer performs t h e  timing, 
sequencing and computations f o r  other subsystems aboard the  
Mariner spacec ra f t .  The CC&S i n i t i a t e s  spacec ra f t  events  
i n  th ree  dii 'zerent mission sequences -- launch, midcourse and 
c r u i  se/enc ount er . 
The launch sequcizce includes spacecraf t  events  from 
launch u n t i l  the  c ru i se  mode i s  es tab l i shed ,  a m a x i m u m  of 
16 2/3  hours af ter  E f t o f f .  
of s o l a r  panels  an6 a c t i v a t i o n  of the  a t t i t u d e  con t ro l  subsystem, 
s o l a r  pressure  vanes and Canopus sensor. 
These events  inc lude  deployment 
The midcourse maneuver sequence con t ro l s  the events  necessary 
t o  perform the midcourse maneuver i n  t r a j e c t o r y .  
are commands radioed f r o m  Earth and s to red  i n  the CC&S p r i o r  
t o  i n i t i a t i o n  of the maneuver. They t e l l  the spacec ra f t  how 
f a r  and i n  which d i r e c t i o n  t o  turn on i t s  pi tch and r o l l  axes 
and how long the midcourse rocket engine must f i re .  
Three of these 
The master t i m e r  sequence cont ro ls  those events  that  occur 
dur ing  the c ru i s ing  po r t ion  of f l i g h t  and planet encounter. 
CC&S commands during t h i s  sequence switch the spacecraf t  telemetry 
transmission t o  a slower b i t  rate; switch the t r a n s m i t t e r  t o  
the high-gain antenna; set the Canopus sensor  a t  var ious cone 
a n g l e s  r e l a t i v e  t o  the predic ted  encounter t i m e ;  t u r n  on p l ane ta ry  
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sc ience  equipment p r i o r  t o  encounter f o r  t he  14-hour encounter 
sequence; and switch t o  the post-encounter te lemetry mode 
f o r  t ransniss ion  of recorded video data. 
The CC&S weighs about 113 pounds. 
Temperature Control 
I f  dependent s o l e l y  upon d i r e c t  sun l igh t  f o r  hea t ,  an 
ob jec t  i n  space would be approximately 125' F. co lder  a t  Mars 
than a t  Earth. 
For a spacecraf t  t r ave l ing  t o  Mars, away from Earth and 
from the Sun, t he  primary temperature con t ro l  problem, then, 
i s  maintaining temperatures within allowable limits d e s p i t e  the 
decreasing s o l a r  i n t e n s i t y  as the mission progresses .  I n  
airless space, the  temperature d i f f e r e n t i a l  between the  s u n l i t  
s i d e  and the shaded side of an objec t  can be seve ra l  hundred 
degrees .  
Heating by d i r e c t  sunl ight  on the  Mariner spacec ra f t  i s  
minimized by the use of a thermal s h i e l d  on i t s  Sun s i d e .  The 
side away from t he  Sun i s  covered with a thermal shield t o  pre- 
vent rapid loss of hea t  t o  the cold of space. 
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The top of Mariner's basic octagon is insulated from 
the Sun by a shield of 30 layers of aluminized Mylar mounted 
to the high-gain antenna support structure. The Mylar is 
sandwiched between a layer of Teflon on the bottom and black 
Dacron on top. 
space "blanket." The bottom is enclosed by a similar shield 
to retain heat generated by power consumption within the 
spacecraft. 
The entire assembly is sewn together to form a 
Temperature control of six of the electronics compartments 
is provided by polished metal louvers actuated by coiled 
bimetallic strips. The strips act as spiral-wound springs that 
expand and contract as they heat and cool. This mechanical 
action, which opens and closes the louvers is calibrated to 
provide an operating range from fully closed at 55OF. to fully 
open at 85' F. 
louvers driven in pairs by 11 actuators. Each pair operates 
independently on its own local temperature determined by 
internal power dissipation. 
A louver assembly consists of 22 horizontal 
Paint patterns and polished metal surfaces are used on the 
Mariner for passive control of temperatures outside of the 
protected octagon. These surfaces control both the amount of 
heat dissipated into space and the amount of solar heat absorbed 
or reflected away, allowing the establishment of temperature 
limits. 
~ 
The patterns were determined from testing a Temperature 
I -more- 
-23- 
Control Model (TCM) of the  spacecraf t .  The TCM was sub- 
j ec t ed  t o  the va r i a t ions  of temperature an t i c ipa t ed  i n  
t h e  Mars mission i n  a space s imulat ion chamber a t  JPL.  
The high-gain antenna dish,  which i s  dependent upon the  
Sun f o r  i t s  surface hea t ,  i s  painted green to keep i t  a t  near  
room tempemture during p l ane t  enoounter but within i t s  upper 
thermal l i m i t  e a r l i e r  i n  the mission. 
-more- 
SCIENTIFIC EXPERIMENTS 
Data Automation System 
Seven of the eight scientific experiments aboard 
Mariner are controlled and synchronized by the Data Automation 
System (DAS) and the data recorded by the instruments are 
converted by the DAS into a suitable digital form for trans- 
mittal to Earth. 
During the mission, the DAS accumulates scientific data, 
reduces the data from each experiment (except the occultation 
experiment) to a common digital form and common rate and then 
feeds the data to the radio transmitter telemetry channel at 
proper intervals. 
The telemetry channel alternately carries 280 bits of 
scientific data and 140 bits of engineering data except during 
Mars encounter when the 140 bits provide additional science 
data and information on performance of the scientific instruments. 
Data from the interplanetary instruments are transmitted 
as soon as received and conditioned by the DAS. The television 
data, however, is recorded on a tape machine controlled by the 
DAS for transmission to Earth at a later time. 
because the television pictures are recorded at a much higher 
rate than it is Possible t o  transmit this data. All science 
This is required 
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data  during encounter are reoorded on the  tape as a back-up 
t o  the  same science data being t ransmi t ted  i n  real- t ime.  
Performance data on the t e l e v i s i o n  subsystem -- f i l t e r  
pos i t i on ,  signal l e v e l ,  s h u t t e r  time, e t c .  -- a r e  cont inua l ly  
t ransmi t ted  during the encounter sequence. 
The DAS is  composed of four  un i t s :  rea l - t ime u n i t ,  non- 
real time un i t ,  buf fer  memory and power converter .  The t o t a l  
weight i s  about 12 pounds. During c ru i se  the power requirement 
i s  1.35 watts ; during Mars encounter, 3.06 wat t s .  
Te lev is ion  
As the Mariner spacecraf t  passes Mars a s ing le  t e l e v i s i o n  
camera viewing Mars through a r e f l e c t i n g  te lescope  w i l l  take 
as many as 22 black and white, photographs of the  Martian surface.  
The photographs w i l l  be s to red  on magnetic tape i n  d i g i t a l  form 
t o  be played back f o r  t ransmission t o  Ear th  af ter  Mariner passes  
Mars. 
It i s  required t o  s t o r e  the photographs on tape  f o r  later 
playback because the rad io  t ransmission rate from the Mars 
dis tance  i s  8.33 b i t s  pe r  second and the photographs are recorded 
a t  a rate of 10,700 b i t s  per second. 
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communication d i s t ance  has not  been exceeded a f t e r  one playback 
of a l l  p i c t u r e s ,  each photograph w i l l  be t ransmft ted again t o  
provide a comparison for de tec t ion  of  e r r o r s  i n  the transmission. 
Playback w i l l  begin about 13 t o  15 hours a f t e r  the l a s t  p i c t u r e  
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i s  taken. 
mi t ted  between each p i c t u r e .  A l l  data from the o the r  s c i e n t i f i c  
instruments  w i l l  be recorded w i t h  the p i c t u r e s  as a back-up t o  
t h e  real- t ime transmission of science da t a .  
About 1 1/2 hours of engineering data w i l l  be t r ans -  
The camera head and two planet  sensing devices a r e  mounted 
on a movzible platform. T h i s  planetary scan platform w i l l  sweep 
through 180 degrees u n t i l  a Wide Angle Planet  Sensor (50' f i e l d  
of v i e w )  g ives  a planet-in-view s igna l .  The platform w i l l  then 
s t o p  i t s  sweeping motion and center  the  p lane t  i n  the s e n s o r ' s  
f i e l d  of view. 
P ic tu re  recording begins when Mars e n t e r s  bhe f i e l d  of view 
0 
of a Narrow A n g l e  Mars Gate sensor (1 1/2 
device genera tes  a s i g n a l  tha t  i s  t r a n s l a t e d  by the D a t a  Automation 
System i n t o  a command tha t  t u r n s  on the t ape  recorder .  
f i e ld  of view) and the 
Photographs w i l l  be taken i n  groups of two vl..rith a small  gap 
I 
between i n  each p a i r .  Dependinz on c a m r a  clistance from the 
p lane t ,  each pa i r  of p i c t u r e s  m a y  co:rer coniewhat oserlapping 
areas on the Martian sur face .  The numb-r Oi' p i c t u r e s  recorded 
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w i l l  be determined by the time required a t  encounter t o  
synchronize tape recorder  and camera f o r  the first p i c t u r e  
and by l i gh t ing  conditions on Mars. 
The recorder w i l l  be turned of f  af ter  recording each 
p i c t u r e  and then turned on again t o  record the  next .  
The tape i s  a continuous loop 330 feet  long. Data w i l l  
be recorded on two t r acks .  
Although the  camera systefn w i l l  be turned on s i x  t o  10 hours 
p r i o r  t o  c loses t  approach, p i c t u r e s  w i l l  not  be recorded u n t i l  
t he  command from the  Narrow A n g l e  Mars Gate tu rns  on the  tape 
recorder .  The camera i t se l f  w i l l  func t ion  as a backup t o  the 
Mars Gate. When thev id icon .  senses the increased i l lumina t ion  
of Mars, a s i g n a l  w i l l  be generated t o  order  the tape recorder  
turned on. 
It i s  an t i c ipa t ed  that  the camera system w i l l  sweep through 
a l a rge  i l lumina t ion  range on Mars which w i l l  include photographs 
near  the shadow l i n e  o r  terminator.  The camera system i s  equipped 
t o  increase o r  decrease i t s  s e n s i t i v i t y  t o  l i g h t  t o  compensate 
f o r  t he  changing l i g h t i n g  condi t ions.  This  i s  accomplished by 
a sampling c i r c u i t  that d e t e c t s  changes i n  the s t r e n g t h  of the 
video s ignal ,  which d i r e c t l y  relates t o  the amount of l i g h t  
de tec ted  by the vidicon, and orders  an inc rease  o r  decrease i n  
the amount of ampl i f ica t ion  i n  the t e l e v i s i o n  system's  ampl i f i e r  
chain.  
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A picture is formed on the vidicon target in 1/5th of 
a second every 48 Seconds. 
line picture requires 24 seconds and erasure of the image and 
preparation for the next requires 24 seconds. 
The scanning or readout of the 200 
The exposure time or shutter speed will be one-fifth of 
a second. 
Mars the exposure time will be shortened to 2/25 of a second 
by an automatic switching device. 
If illumination levels are higher than expected at 
The shutter consists of a single rotating disc containing 
four openings for alternating filters. Two filters will be 
blue-green and two will be orange-red. 
The filters will provide high contrast in the black and 
white photographs received on Earth and emphasize the differ, nnce 
in colors seen from Earth on Mars. 
The telescope associated with the camera system is an f/8 
Cassegrainian system of 12 inches equivalent focal length. 
The beryllium primary mirror has a diameter of 1.62 inches and an 
f-ratio of 2.47. The beryllium secondary mirror provides an 
amplification of 3.0. 
The television system is divided into two parts. The camera 
head and a small portion of the electronic circuitry is located 
on the scan platform. The balance of the electronic equipment 
I 
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required,  f o r  t he  t e l e v i s i o n  system i s  located i n  a compartment 
on the  spacecraf t  bus. 
A removable l ens  cover w i l l  p r o t e c t  t he  camera o p t i c s  
during the  mission from micrometeorite damage. 
Inves t iga tors  are Professor  R. B. Leighton, Prof .  B. C .  
lviurray and Prof.  R.  B.  Sharp, of the Cal i forn ia  I n s t i t u t e  of Tech- 
nology. 
Occultation Experiment 
The purpose of t he  occul ta t ion  experiment i s  t o  determine 
some c h a r a c t e r i s t i c s  of t he  atmosphere of Mars by t ransmi t t ing  
r ad io  s igna ls  from the  Nariner spacecraf t  through the Martian 
atmosphere. 
Performing this experiment does not r equ i r e  add i t iona l  
weight o r  power on the  spacecraf t .  It does requi re ,  however, 
designing a t r a j e c t o r y  f o r  t he  spacecraf t  that  w i l l  pass behind 
Mars. 
A s  the  spacecraf t  f l i es  behind Mars, i t s  r ad io  s i g n a l  w i l l  
be bent by the Martian atmosphere and w i l l  change i n  frequency 
and s t rength .  This i s  due t o  r e f r a c t i o n  and d i f f r a c t i o n  i n  the 
atmosphere whose e f f e c t s  on the Doppler (phase s h i f t )  s i g n a l  
a r e  pred ic tab le .  The s t r eng th  of the te lemetry c a r r i e r  w i l l  a l s o  
f l u c t u a t e  and w i l l  provide informative data. 
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Current estimtes on the surface pressure vary over a 
wide range and the sca l e  height ,  o r  how the dens i ty  v a r i e s  
with a l t i t u d e ,  i s  unknown. The surface pressure on Mars i s  
var ious ly  estimated t o  be between 10 and 100 mi l l ibars (about  
one t o  10 percent  of the barometric pressure on the E a r t h ' s  
sur face)  with 25 millibars accepted by some i n v e s t i g a t o r s .  
It i s  e s s e n t i a l  f o r  landing a capsule on Mars t o  
determine these physical  c h a r a c t e r i s t i c s .  Design of an  
e n t r y  capsule requi res  knowing the rate it w i l l  be slowed 
by atmospheric drag and whether o r  no t  a parachute system i s  
s u f f i c i e n t  o r  i f  some o the r  means of slowing the  capsule i s  
requi red .  
The s c a l e  height i s  a l s o  c r i t i c a l .  This  f a c t o r  i s  of 
importance i n  the  design of a capsule 's  heat sh ie ld ing  and 
e n t r y  shape. 
The de tec t ion  of the changes i n  the r ad io  s i g n a l  w i l l  
provide a severe t es t  of the c a p a b i l i t i e s  of the Deep Space 
Network ( D S N ) .  
i n  a r ad io  s igna l  has been developed by the DSN i n  e a r l i e r  missions,  
the Mariner I1 Venus mission and the Ranger V I  and V I 1  l una r  
f l i 'ghts,  and by successful  radar  bounce experiments on the Moon, 
Venus, Mars and Mercury. These accuracies have been developed 
t o  a po in t  that  has made the occul ta t ion  experiment f e a s i b l e .  
The capab i l i t y  t o  accura te ly  d e t e c t  minute changes 
-more- 
-31- 
Inves t iga tors  are D r .  Arvydas J .  Kliore ,  Dan L. Cain 
and Gerald S. Levy of  JPL, Prof .  Von R .  Eshelman of Stanford 
Electronics Laboratory, and Prof.  Frank Drake of Cornel1 Universi ty .  
Solar  Plasma Probe 
The s o l a r  plasma probe w i l l  measure the dens i ty ,  
v e l o c i t i e s ,  temperatures and d i r e c t i o n  of low energy (30 
e l e c t r o n  vo l t s  t o  10,000 e l ec t ron  v o l t s )  protons t ha t  stream 
outward from the Sun a t  supersonic speeds t o  form what has 
been termed the s o l a r  wind. 
So la r  plasma emitted from the Sun i s  a b o i l i n g  of f  of the 
Sun's atmosphere. It takes th ree  forms. The s o l a r  wind, which 
appears t o  be emitted continuously i n  a l l  d i r ec t ions ;  s o l a r  
streams which o r ig ina t e  i n  r e l a t i v e l y  small regions of the Sun; 
and the s o l a r  s h e l l  which i s  defined a.p b u r s t s  of s o l a r  plasma 
from solar  f l a r e s .  
The plasma i t se l f  i s  a t h i n ,  high ve loc i ty ,  high temperature 
gas. It i s  composed of the same material as the Sun, nuc le i  
of helium and hydrogen atoms, with hydrogen nuc le i  (protons) 
being the main cons t i t uen t .  The atoms i n  the s o l a r  plasma are 
ionized (have lost t h e i r  e l ec t rons )  because of the very high 
temperature of the outer  atmosphere (corona) of the Sun. 
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The study of s o l a r  plasma i s  
because i t  i s  the  predominant and 
important t o  s c i e n t i s t s  
con t ro l l i ng  f a c t o r  i n  
in t e rp l ane ta ry  space i n  t h a t  i t  can a f f e c t  magnetic f i e l d s  
and cosmic rays.  To understand the nature  of i n t e rp l ane ta ry  
space,  i t  i s  e s s e n t i a l  t o  comprehend the nature  of solar plasma. 
E a r l i e r  s o l a r  plasma experiments i n  space -- Mariner 11, 
Explorer XVIII, Explorer X -- have provided about e igh t  months 
of t o t a l  study tiiiie. The Mariner Mars mission w i l l  more than 
double t h i s  amount. However, the changing c h a r a c t e r i s t i c s  of t he  
s o l a r  plasma a r e  r e l a t e d  t o  a cycle of s o l a r  a c t i v i t y  t h a t  spans 
11 years .  Only a f r a c t i o n  of the des i red  information has been 
obtained. 
The s o l a r  plasma probe i s  composed of th ree  nlajor p a r t s ;  
a c o l l e c t o r  cup, a high voltage power supp ly  and circuiti2y Lo pro-  
vide an output s igna l  t o  the data automation system tha t  coiit1it,ioris 
t he  da t a  f o r  transmission t o  Earlth. 
h mesh of f i n e  tungsten wire i n  f r o n t  of t h e  col lectoi* is 
given a negative voltage t i ia t  a l t e rna te s  rap id ly  between Lwc. 
l i m i t s .  Thus, protons having a range of energies  corresponding 
t o  these liinlts a r e  a l t e r n a t e l y  repe l led  and passed thi*o>ugll t o  
the eo1 1ectCjr: JJLaOdUCing an interi i i i t tenc curvent  that, i s  detecbed. 
Lcw energy firotons a re  repel1 ed continuously,  Higiier e n e i y y  
pro tons  pass through cont inuous1 y bu t  t h e i r  cotitinuous current  
1 u n o t  d e t e c t e d .  
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The voltage limits on the  mesh a r e  repeatedly cycled 
through 32 voltage levels t o  allow de tec t ion  of protons a t  
32 energy bands within a range of 30 t o  10,000 e l ec t ron  v o l t s .  
Fromthe measurement of cur ren t  co l l ec t ed  i n  each of the 
32 energy ranges,  the dens i ty ,  ve loc i ty ,  and temperature of the 
plasma can be deduced. 
Improvements i n  t h l s  probe over those flown on Mariner I1 and 
on Explorer X are the greater energy range tha t  can be detected 
and detect ion of the d i r e c t i o n  of motion of a proton i n  the 
s o l a r  plasma. The d i r e c t i o n  of motion i s  obtained by dividing 
the co l l ec to r  i n t o  three p i e - sha i ,d  s e c t o r s .  If' the s o l a r  plasma 
e n t e r s  the probe and impinges bn the cumei!t c o l l e c t i n g  plates a t  
an angle ,  t he  sec to r s  w i l l  not reaeive equal cu r ren t s .  One of 
the sec tors  w i l l  receive the most cur ren t  which will determine 
the d i r ec t ion  of the plasma's motlon. 
The plasma probe  i s  mounted on top of the spacecraf t  bus a t  
an  angle 10 degrees o f f  the sp? tcraf t -Sun l i n e .  It weighs 6.4 
l b s .  and u t i l i z e s  th ree  wat ts  of power. 
The Inves t iga tors  f o r  thc: plasma probe are Prof .  Herbert 
L. Bridge, D r .  Alan Lazarus of the Masachusetts I n s t i t u t e  of 
Technology and Dr. Conway W. Snyder, JPL.  
I 
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Ion iza t ion  Chamber Experiment 
This experiment includes an ion iza t ion  chamber and 
Geiger-Mueller tube t o  measure rad ia t ion ,  p r i n c i p a l l y  
g a l a c t i c  cosmic rays,  i n  an energy range above 10 mi l l i on  
e l e c t r o n  v o l t s  f o r  protons,  1/2 mill ion eleckron v o l t s  for 
e l e c t r o n s  and 40 mi l l ion  e l ec t ron  v o l t s  f o r  alpha p a r t i c l e s .  
The i o n i z a t i o n  chamber w i l l  y i e l d  a measurement r e l a t e d  
t o  the average energy and amount of r a d i a t i o n  a t  these l e v e l s  
and the Geiger-Mueller tube w i l l  count i nd iv idua l  p a r t i c l e s .  
Resul ts  from the two instruments w i l l  be c o r r e l a t e d  t o  y.ield 
data on the dens i ty  of cosmic rays and t h e i r  energy l e v e l s  
i n  i n t e r p l a n e t a r y  space between Earth and Mars and i n  the 
v i c i n i t y  of Mars. 
The i o n i z a t i o n  chamber i s  a f ive- inch s t a i n l e s s  s t e e l  
sphere w i t h  a wall thickness  of 1/100th of an  inch.  
s e rves  as a shielding that w i l l  only allow r a d i a t i o n  above a 
given l e v e l  t o  pene t ra te .  
The metal 
The sphere is  f i l l e d  w i t h  argon gas. P a r t i c l e s  that penet ra te  
the sphere leave a t r a i l  of ions i n  the gas. The ions  a r e  de- 
t e c t e d  and an e l e c t r i c  pu lse  i s  produced tha t  i s  proport ional  
t o  the rate of i o n i z a t i o n  i n  the  argon gas. 
cessed and telenetered t o  Earth. 
This pulse  is pro- 
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The Geiger-Mueller tube i s  a l s o  shielded t o  allow 
penetrat ion by p a r t i c l e s  i n  the same range a s  de tec ted  by 
t h e  chamber. The tube cons i s t s  of an enclosed volume of gas 
wi th  two e lec t rodes .  a t  a d i f f e r e n t  e l e c t r i c a l  pokent ia l .  
The tube generates  a cur ren t  pulse  each time a charged 
p a r t i c l e  passes through the  tube.  The tube can count. p a r t i c l e s  
a t  a maximum r a t e  of 50,000 per  second. 
T h i s  expzriment weighs 2.9 l b s .  and i s  located on t h e  
spacec ra f t ' s  mast. 
The inves t iga tors  a r e  P r o f .  H.  Victor  Neher of the 
Cal i fornia  I n s t i t u t e  of Technology and D r .  Hugh R .  Anderson, 
J P L .  
Trapped Radiation Detector 
The purpose of t h i s  experiment i s  t o  search for magnetically 
trapped rad ia t ion  i n  the v i c i n i t y  of Mars t h a t ,  i f  i t  e x i s t s ,  
might be similar t o  t h e  E a r t h ' s  Van Allen b e l t s  of trapped 
r ad ia t ion .  
The experiment cons i s t s  of four  de t ec to r s ,  three Geiger- 
Mueller tubes and one s o l i d  s t a t e  de t ec to r ,  a s i l i c o n  diode 
covered with t h i n  n i cke l  f o i l  t o  exclude l i g h t .  
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The three GM tubes are shieldcd so t h a t  low energy p a r t i c l e s  
can only e n t e r  by passing through a window a t  the  end of each 
tube.  Tubes A and B w i l l  d e t e c t  protons g r e a t e r  than 500 thousand 
e l e c t r o n  v o l t s  and e l ec t rons  g rea t e r  than 40 thousand e l ec t ron  
v o l t s .  Tube C w i l l  d e t e c t  protons g r e a t e r  than 900 thousand 
e l ec t ron  v o l t s  and e lec t rons  g rea t e r  than 70 thousand e l ec t ron  
v o l t s .  The s o l i d  s t a t e  de t ec to r  w i l l  measure protons i n  two 
ranges: from 500 thousand electron v o l t s  t o  8 mi l l ion  e l ec t ron  
v o l t s  and from 900 thousand e lec t ron  v o l t s  t o  5.5 mi l l ion  
e l e c t r o n  v o l t s .  
During the c r u i s e  port ion of t he  misslon the trapped 
r a d i a t i o n  d e t e c t o r  w i l l  measure cosmic rays and e l ec t rons .  
The experiment i s  located on the top  of t h e  spacecraf t  bus 
and weighs about 2* pounds. 
Inves t iga to r s  are Dr. James A .  Van Allen, D r .  Louis A .  
Frank and Stamatios M. Krimigas, of the  S t a t e  University of Iowa. 
Helium Vector Magnetometer 
The s c i e n t i f i c  object ives  of the magnetometer experiment 
are t o  determine i f  Mars has a magnetic f i e l d  and, i f  so,  t o  
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map its characteristics; to investigate the interaction 
between planetary and interplanetary magnetic fields and 
measure the magnitude and direction of the interplanetary 
magnetic field and determine its variations. 
If a magnetic field around Mars is similar to Earth's, 
the magnetometer should detect the transition from the 
interplanetary field t o  that of planetary field by measuring 
disturbances caused by the interaction of the solar wind and 
the planetary field. This interaction causes instabilities 
in the magnetic fields embedded in the solar wind and these 
disturbances are detectable at considerable dhstances. 
The magnetometer will detect a general magnetic field 
around Mars if the spacecraft trajectory lies within the 
hydromagnetic cavity formed by the solar wind around a planet. 
In this area a planetary field is relatively undisturbed by 
the solar wind. 
The Mariner Mars mission will provide the first scientific 
opportunity to measure magnetic fields in interplanetary space 
at distances from the Sun greater than Earth's orbit. 
Knowledge of the interplanetary field is important in under- 
standing the nature bf solar cosmic rays, solar flare& galactic 
cosmic rays, origin of the solar wind near the Sun, solar magnetic 
-more- 
-38- 
- fields and the interaction of the solar wind with the 
Earth and Moon. 
A new type of magnetometer, developed specifically for 
use on planetary missions, will be flown for the first time 
on the Mars mission. The instrument is a low field vector 
helium magnetometer that measures not only the magnitude of 
the magnetic field but its direction as well. 
A helium magnetometer is based on the principle that 
the amount of light that can pass through helium gas, that 
has been excited to a higher than normal energy level, is 
dependent on the angle between the light axis and the direction 
of the surrounding magnetic field. Measuring the amount of 
light passed through the helium gives a measurement of the 
magnetic field in magnitude and direction. 
The light source is a helium lamp in the magnetometer. 
The light, collimated and circularly polarized, passes through 
a cell containing the excited helium gas and then impinges 
onan infrared detector that measures the amount of light 
passed through the helium gas. 
The magnetometer is located on the low gain antenna 
mast to minimize the effect of the spacecraft's magnetic fields. 
Electronics supporting the experiment are located in a compartment 
on the spacecraft. The magnetometer weighs 1.25 pounds. The 
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e lec t ron ic s  weighs s i x  
g a m a  per axis and the 
pounds. I t s  s e n s i t i v i t y  i s  1/2 
+ dynamic range i s  - 360 gamma per  axis. 
The experiment operates on seven watts of power. 
The inves t iga to r s  are D r .  Edward J .  Smith, JPL, Paul 
J .  Coleman, Jr.,  University of Cal i forn ia  a t  Los Angeles, 
Prof .  Leve re t t  Davis, Jr.,  Cal i forn ia  I n s t i t u t e  of Technology 
and D r .  Douglas E. Jones,  Brigham Young Universi ty  and JPL.  
Cosmic Ray Telescope (CRT) 
T h i s  experiment w i l l  d e t e c t  and measure cosmic rays by 
type,  energy l e v e l s  and d i r e c t i o n  of motion. The experiment 
w i l l  produce a d e t a i l e d  ana lys i s  of por t ions  of the energy 
range covered by the ion iza t ion  chamber experiment and i n  
addi t ion ,  w i l l  sense p a r t i c l e s  w i t h  lower energies .  
The CRT w i l l  d iscr iminate  between protons i n  three energy 
groups: .80 mil l ion  t o  15 mi l l ion  e l ec t ron  vo l t s ;  15 mi l l i on  
t o  80 mil l ion e l ec t ron  vo l t s ;  and 80 mi l l i on  t o  190 mil l ion  
e l ec t ron  v o l t s .  It w i l l  d iscr iminate  between alpha p a r t i c l e s  
from 2 mill ion t o  60 mi l l ion  e l ec t ron  vo l t s ;  60 mi l l i on  t o  
320 mill ion e l ec t ron  v o l t s  and 320 mil l ion  t o  i n f i n i t e  mi l l ion  
e lec t ron  v o l t s .  
The CRT has three  coaxial  go ld-s i l icon  s o l i d  s t a t e  de t ec to r s  
wi th  intermediate absorbers arranged i n  s i m i l a r  fashion t o  a 
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series of lenses in a telescope. Dependent upon their energy 
and direction, particles will pass through detector 1 only 
or through 1 and 2 or through detectors 1, 2 and 3. Detector 
1 yields a pulse proportional to the amount of energy l o s t  as 
a particle penetrates. The type of particle is determined by 
the pulse height that is recorded and evidence of coincidental 
pulses in the other detectors. 
The CRT is located on the underside of an electronics 
compartment in the spacecraft bus and weighs 2.5 l b s .  
Investigators are Dr. John A .  Simpson and Joseph O'Gallagher 
of the University of Chicago. 
Cosmic Dust Detector 
The objectives of this experiment are to make direct 
measurements of the dust particle momentum and distribution near 
Earth, in interplanetary space and in the vicinity of Mars. 
The experiment is composed of two sensors that measure strikes 
by direct penetration and by microphonic techniques. 
A square aluminum plate yields a microphone signal when 
struck by a dust particle. 
layers of non-conducting material covered with a layer of 
Bonded to both sides of the plate are 
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evaporated aluminum, forming penet ra t ion  sensors .  The 
penet ra t ion  sensors w i l l  spec i fy  which s i d e  of the microphone 
plate  was s t ruck .  The s t r eng th  of the s i g n a l  derived from 
the  microphone plate w i l l  y i e l d  data on the momentum of the  
p a r t i c l e .  
The f l i g h t  paths of the two Mariner spacecraf t  w i l l  pass  
c lose  t o  the o r b i t s  of fou r  meteor streams genera l ly  bel ieved 
t o  be composed of p a r t i c l e s  once contained i n  the nuc le i  of a 
comet. It i s  expected t o  r equ i r e  seve ra l  days t o  pass through 
each stream. 
The streams are the  Leonid, Geminid, Jrsids and the T u t t l e -  
Giacobini-Kresak. The Leonid meteor stream w i l l  be i n  a period 
of peak a c t i v i t y ,  which occurs approximately every 33 years ,  
near  the t i m e  the Mariner spacecraf t  w i l l  encounter t he  stream. 
The Mariner cosmic dus t  d e t e c t o r  weighs two pounds and i s  
mounted on the  upper side of t he  spacec ra f t .  The p l a t e  i s  
approximately perpendicular t o  the d i r e c t i o n  the spacecraf t  i s  
moving. 
Inves t iga to r s  a r e  W. M. Alexander, 0. E. Berg, C .  W.  
McCracken and L. Secretan, of Goddard Space F l igh t  Center, Greenbelt, 
Md., and J .  L. Bohn and 0. P. Fuchs of Temple University,  
Phi ladelphia .  
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LAUNCH VEHICLE 
Mariner Mars 64 i s  the  f i r s t  NASA mission t o  use the 
improved Agena-D upper s t age  vehic le  and p laces  m a x i m u m  
performance demands on the Agena and i t s  Atlas D booster .  It 
i s  a l s o  the  f i r s t  U.S.  space mission t o  r equ i r e  a second burn 
o f  the newest model Agena-D. 
Under some circumstances, i t  might be desirable t o  
launch the second Mariner two days a f te r  the f irst  so a 
s p e c i a l  36-hour data r e t u r n  plan has been developed. 
Lewis  engineers w i l l  be loca ted  a t  a downrange t racking  s t a t i o n  
during the  launch. They w i l l  perform a preliminary a n a l y s i s  of 
Experienced 
Agena t racking  and telemetry data and r epor t  the r e s u l t s  t o  
Cape Kennedy. 
Thus p r o j e c t  o f f i c i a l s  would be a b l e  t o  pinpoint  a problem 
i n  the  f i r s t  f l i g h t  i n  time t o  provide a greater margin of 
success f o r  the second launch. 
T h i s  model of the Agena-D -& the SS-OIB -- i s  an improved 
performance vehic le  and can car ry  a heavier  payload than i t s  
predecessors .  Payload capab i l i t y  i s  increased by about 80 
pounds. 
Th i s  c a p a b i l i t y  i s  gained by the use of l i g h t e r  weight 
parts and by an improved propellant u t i l i z a t i o n  system which 
l e a v e s  l e s s  r e s i d u a l  propel lan t  a t  Agena mission completion. 
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The launch sequence of the Atlas-Agena D is described 
11 at the beginning of the next section, "The Mission. 
LAUNCH VEHICLE STATISTICS 
Total lift-off weight: 280,000 pounds 
Total lift-off height: 104 feet 
Weight 
Height 
Thrust 
Propellants 
Propulsion 
Speed 
Guidance 
Contractor 
Atlas-D Booster 
260,000 pounds 
67 feet 
about 370,000 pounds 
at sea level 
liquid oxygen and RP-1, 
a kerosene-type fuel 
two booster engines, one 
sustainer engine and two 
vernier attitude and roll 
control engines built by 
Rocketdyne Division, North 
American Aviation, Inc. 
about 13,000 mph at apogee 
for Mariner flight 
General Electric radio 
command guidance equipment; 
Burroughs ground guidance 
computer 
Agena-D Upper Stage 
15,500 pounds 
24 feet 
16,000 pounds at altibude 
unsymmetrical dimethyl- 
hydrazine (UDMH) and in- 
hibited red fwning nitric 
acid ( I R F N A )  
one engine built by B e l l  
Aerosystems Company 
about 17,500 mph after first 
burn, about 25,600 mph at 
spacecraft injection 
Honeywell, Inc., inertial 
guidance and Barnes horizon 
sensors 
General Dynamics/Astronautics, Lockheed Missiles and 
San Diego, California Space Company, Sunnyvale, 
California 
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T-395 minutes 
T-155 minutes 
T-135 minutes 
T-130 minutes 
T- 90 minutes 
T- 65 minutes 
T- 60 minutes 
T- 40 minutes 
T- 7 minutes 
T- 2 minutes 
T- 19 seconds 
T- 2 seconds 
T- 0 seconds 
Countdown Milestones 
Deliver pyrotechniques to 
launch complex 
Start Agena UDMH tanking 
Complete UDMH tanking 
Remove gantry 
Start IRFNA tanking 
Complete I R F N A  tanking 
Scheduled hold to meet launch 
window 
Start Atlas LOX tanking 
Scheduled hold to meet launch 
window 
Secure LOX tanking 
Momentary hold 
Engines full thrust 
Release/lif t -of f 
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THE MISSION 
The Mariner spacecraft will be boosted into a parking 
orbit at an altitude of 115 miles and a velocity of 17,500 
miles an hour by the Atlas-Agena prior to its injection on 
a Mars trajectory. 
After lift-off* the Atlas vehicle is controlled by a 
combination of on-board autopilot and ground-based radio 
commands. For the first few minutes of flight, the vehicle 
attitude is cantrolled by gimballing the booster engine thrust 
nozzles. 
About two minutes after launch, a radio command is trans- 
mitted which shuts down the booster engine (BECO or booster 
engine cut off). 
of the booster engine section. Vehicle attitude control is 
then determined by the sustainer engine until the transmission 
of the SECO command about five minutes after launch. At SECO, 
the vernier engines which had provided roll control during 
sustainer phase are activated to provide total vehicle attitude 
control. This continues until transmission of the VECO command 
less than a minute after SECO transmission. 
This event is followed by staging or release 
Atlas-Agena Separation 
Another series of radio cummands is transmitted which turns 
on the Agena timer, activates the Agena guidance and control 
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system, i n i t i a t e s  separa t ion  of the Agena from the  Atlas and f i r e s  
re t rorockets  which r e t a r d  the  forward motion of the Atlas. 
The Agena engine i g n i t e s  f o r  the f irst  t i m e  about s i x  
minutes a f t e r  launch on command of the Agena timer. T h i s  first 
burn las t s  f o r  about two minutes and i s  terminated when the 
Agena ve loc i ty  meter determines that  the co r rec t  increase  i n  
v e l o c i t y  has been achieved. 
Coast Period 
The Agena-Mariner coas ts  a t  an a l t i t u d e  around 115 miles 
before  second burn i g n i t i o n .  The vehicle  remains i n  parking 
o r b i t  f o r  a period of t i m e  determined by the f i n a l  i n j e c t i o n  
po in t  -- a point  determined by the r e l a t i v e  p o s i t i o n  of t he  
p l ane t  Mars a t  the  time and date of launch. 
A t  the proper point  i n  the parking o r b i t  t o  ensure a t t a i n i n g  
the in te rp lane tary  t r a j e c t o r y ,  the Agena engine i s  started f o r  
the  second t i m e .  Engine shutdown i s  again determined by the 
v e l o c i t y  meter. The required ve loc i ty  i s  about 25,600 miles 
a n  hour. 
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On command from t h e  Agena timer the spacecraf t  
separa t ion  system i s  ac t iva t ed .  After the  Mariner space- 
c r a f t  leaves the Agena, the vehicle performs a 180 degree 
turn ing  maneuver followed by f i r i n g  of the re t ro- rockot .  
The launch vehicle  has completed i t s  p a r t  of the mission 
when the spacecraf t  i s  separated from the  Agena. 
r e t r o f i r e ,  the  second s tage  dece lera tes  and enters: a s o l a r  
o r b i t .  Agena r e t r o - f i r e  assures  t h a t  the vehic le  w i l l  not 
h i t  Mars and t h a t  Agena’s r e f l e c t i o n  w i l l  no t  confuse space- 
c r a f t  sensors .  
With Agena 
F i r s t  Spacecraft  Events 
A s  the  Mariner i s  separated from the Agena, a series of 
spacec ra f t  events  are i n i t i a t e d  by the separat ion connector: 
1. Fu l l  power i s  appl ied t o  the spacecraf t  t r ansmi t t e r .  
U n t i l  this po in t  the t r ansmi t t e r  power has been held a t  low 
power t o  prevent high voltage arcing t h a t  could damage equip- 
ment i n  the c r i t i c a l  a rea  between l50,OOO t o  250,OOO feet. 
2. The c ru i se  s c i e n t i f i c  experiments a r e  turned on. 
3. The CC&S i s  f u l l y  ac t iva ted .  Up t o  t h i s  point  it 
has been inh ib i t ed  from inadvertant ly  giving commands. 
4 .  The tape recorder  used t o  record t e l e v i s i o n  p i c tu re s  
a t  Mars encounter i s  turned o f f .  
t he  launch phase t o  apply tension on the tape t o  prevent un- 
idinding and sna r l ing .  
The tape recorder  runs during 
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5. The attitude control system is turned on and Sun 
acquisition is initiated. The attitude control system 
initiates a spacecraft roll for calibration of the magnetometer. 
6. Pyrotechnic devices are armed. A hydraulic timing 
device is activated which will give a back-up signal for arming 
the pyrotechnics and a signal for deployment of the solar panels 
and to unlatch the scan platform. These signals are given with- 
in a minute and 20 seconds after separation. 
The Central Computer and Sequencer (CC&S) gives a back-up 
command, for deployment of solar panels and solar pressure 
vanes and for unlatching the scan platform, at liftoff plus 
53 minutes. The initial commands from the hydraulic timing 
,device occur 30 to 50 minutes from liftoff depending on the 
length of the parking orbit which is determined by the day 
and time of launch. 
Sun-Canopus Acquisition 
Sun acquisition will be completed in approximately 20 
minutes after the first command. The time is dependent on the 
attitude of the spacecraft when the process begins. Any tumbling 
motion imparted to the spacecraft at separation is cancelled out 
during the acquisition process. 
Sun sensors, two primary and two secondary, are mounted on 
the bus and will provide signals to the cold gas jets to cancel 
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out  the tumbling motion and maneuver the spacecraf t  u n t i l  
i t s  fou r  s o l a r  panels are pointed a t  the Sun. 
willnow begin drawing power from the panels  as they convert  
sun l igh t  t o  e l e c t r i c i t y .  The b a t t e r i e s ,  which have suppl ied 
power up u n t i l  now, w i l l  only be used during the  midcourse 
maneuver and i n  the event tha t ,  during the mission o r  a t  
encounter, the spacecraf t  power demands should exceed the 
panels  ou tput -  
The spacec ra f t  
The next spacecraf t  event, and the next  order  from the  
CC&S, occurs a t  16 1/2 hours af ter  launch. The Canopus S tar  
Sensor i s  a c t i v a t e d  and the  spacecraf t  begins a r o l l  search, 
a t  a d i f f e r e n t  r o l l  r a t e  than the magnetometer c a l i b r a t i o n  
r o l l ,  t o  allow the sensor t o  f i x  on Canopus and thus  o r i e n t  the 
spacecraf t  i n  the r o l l  axis. 
Again, the t i m e  required f o r  t h i s  a c q u i s i t i o n  depends on 
the  p o s i t i o n  of t he  sensor r e l a t i v e  t o  the  s tar  a t  the  t i m e  
a c q u i s i t i o n  begins.  Maximum t i m e  f o r  completion of Canopus 
a c q u i s i t i o n  is 75 minutes. 
It w i l l  be required during the mission t o  command the 
Canopus sensor by CC&S o r  Earth command t o  change the angle 
of i t s  f i e ld  of view t o  allow f o r  the changing geometrical  
r e l a t i o n s h i p  of t he  spacec ra f t ' s  r o l l  axis and the star Canopus. 
T h i s  change w i l l  occur four  times. 
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During the cruise portion of the mission, signals from 
the primary Sun sensor and the Canopus sensor to the attitude 
control system will fire the cold gas jets to maintain the 
spacecraft attitude -- solar panels pointed at the Sun and 
star sensor pointed at Canopus. 
At the time of Canopus acquisition, a solid state sensing 
device will signal that it is viewing Earth. 
view Earth if the Canopus sensor is not locked onto Canopus. 
This will provide a check on data from the star sensor indicating 
it has Canopus in view. It is possible that the star sensor 
could lock-on to some other celestial body. The solid state 
sensing device is effective only near Earth. 
The device cannot 
Midcourse Maneuver 
The spacecraft is now in its cruise mode which will 
continue until the midoourse maneuver is commanded. This 
probably will occur two to 10 days after launch. 
maneuver will alter the spacecraft's solar orbit by changing its 
velocity. 
The mldcourse 
Trajectory calculations at JPL's Space Flight Operations 
Facility will establish the actual flight path of the spacecraft 
for comparison with the flight path required for a Mars fly-by. 
Commands will be calculated for transmission to the spacecraft, 
to alter Mariner's flight path. 
-more- 
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These commands, f o r  p i t ch ,  r o l l  and dura t ion  of motor 
burn, w i l l  be t ransmit ted by a s t a t i o n  of the Deep Space 
Network t o  the  spacecraf t  and s tored  i n  the  CC&S memory. 
The execute command follows and the spacecraf t  begins the mid- 
oourse maneuver. 
The cold gas je ts  w i l l  f i r e  t o  r o l l  the  spacecraf t  i n  
the d i r ec t ion  and through the prescr ibed number of degrees a s  
commanded by the CC&S. The p i t c h  tu rn  i s  followed by a r o l l  
t u r n .  The s p a c e c r a f t ' s  midcourse motor i s  now point ing i n  a 
d i r ec t ion  t h a t ,  when f i r e d  f o r  the  proper amount of t i m e ,  w i l l  
a l t e r  the spacec ra f t ' s  ve loc i ty  and thus i t s  f l i g h t  pa th  
around the Sun. 
The midcourse maneuver i s  a prec is ion  event .  An e r r o r  i n  
the  duration of the motor f i r i n g  t h a t  would make a d i f f e rence  
i n  the f i n a l  ve loc i ty  of the  spacecraf t  of one mile per hour 
w i l l  make a 9000 mile d i f fe rence  i n  the f l i g h t  path a t  the Mars 
f ly-by . 
When the maneuver i s  completed the spacecraf t  w i l l  again 
acquire  the Sun and Canopus on command from the CC&S. 
The cold gas a t t i t u d e  cont ro l  system i s  not  s u f f i c i e n t  
t o  s t a b i l i z e  the spacecraf t  during the motor f i r i n g  per iod.  
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Movable j e t  vanes i n  the motor exhaust perform the 
s t a b i l i z a t i o n  funct ion a t  t h i s  t i m e .  They a r e  con t ro l l ed  by 
an a u t o p i l o t  that  is turned on f o r  the midcourse maneuver 
and used only a t  t h i s  time. The a u t o p i l o t  accepts  s i g n a l s  from 
gyros t o  keep the  motor t h r u s t  pointed i n  the r i g h t  d i r e c t i o n .  
From execute command t o  r eacqu i s i t i on  of Canopus, the 
maneuver w i l l  take approximately . four  hours. Although the 
te lemetry w i l l  g ive some indica t ion  tha t  the maneuver has 
been performed accura te ly ,  it w i l l  r equ i r e  a long per iod of 
t r ack ing  t o  c a l c u l a t e  t he  spacec ra f t ' s  new f l i g h t  path. 
During the midcourse maneuver the spacecraf t  t ransmi ts  
only engineering data t o  Earth. A t  completion of the maneuver 
the te lemetry format w i l l  r eve r t  t o  t h e  c r u i s e  mode of one-third 
engineering data and two-thirds science data. 
I f  required,  a second midcourse maneuver can be performed 
by the Mariner. T h i s  i s  the f irst  spacec ra f t  t o  have th i s  
c a p a b i l i t y .  
Mariner i s  again i n  i t s  c ru i se  mode and with two exceptions,  
w i l l  continue i n  t h i s  mode u n t i l  encounter w i t h  Mars. 
The two exceptions a r e  concerned with communications. As 
the d i s t ance  from spacecraf t  t o  Earth inc reases  i t  w i l l  be 
necessary t o  slow the transmission b i t  r a t e  from 33 l/3 b i t s  
-more- 
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I The next mission event w i l l  be Mars encounter.  
per  second t o  8 l/3 b i t s  per  second. 
command from the  CC&S with a back-up command from Earth,  
a t  approximately nine weeks a f t e r  launch. 
T h i s  w i l l  occsr ,  on 
Later i n  the mission, about 1 2  weeks a f t e r  launch, the 
spacec ra f t ' s  t r a n s m i t t e r s  w i l l  be switched from t h e  omni- 
d i r e c t i o n a l  antenna t o  the high ga in  antenna. T h i s  i s  a CC&S 
command backed-up from Earth and w i l l  be performed a t  the  
t i m e  the omni-directional antenna nears  the limits of i t s  
transmission d is tance  capab i l i t y .  
The high gain antenna i s  r i g i d l y  f ixed  on the  spacecraf t ,  
un l ike  the Rangers o r  Mariner I1 which had movable high ga in  
antennas,  because a f t e r  t he  switchover p o i n t ,  Ear th w i l l  be 
cont inual ly  i n  t h e  an tenna ' s  view. 
Enc oun t e r 
The encounter sequence w i l l  begin from s i x  t o  10 hours 
before  the spacecraf t  makes i t s  c l o s e s t  approach t o  the p l ane t .  
A t  t h i s  time the  CC&S, w i t h  Earth command back-up, w i l l  t u rn  
on the  t e l ev i s ion  system, t ha t  por t ion  of the Data Automation 
System tha t  funct ions a t  encounter,  the scan platform, the two 
Mars sensors and the tape recorder  e l e c t r o n i c s .  Although receivlng 
power, t h e  tape recorder i s  n o t  running and w i l l  not  record 
p i c t u r e s  u n t i l  l a t e r .  
-more- 
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A cover sh ie ld ing  tkie op t i c s  of the  vidicon and the two 
p lane t  sensors i s  removed a t  ‘chis point  by the encounter 
command from the CC&S t o  a pyrotechnic device.  The b a t t e r y  
charger i s  a l s o  turned off  a t  t h i s  time. 
The scan platform i s  now sweeping through 180 degrees near ly  
v e r t i c a l  t o  the d i r e c t i o n  of motion of t h e  spacecraf t .  The 
t e l e v i s i o n  system i s  functioning but p i c t u r e s  are not  recorded 
a t  t h i s  point .  P ic tures  w i l l  not be recorded u n t i l  a s igna l  
i s  sen t  from the  narrow angle Mars sensor through the DAS t o  
t h e  recorder  that  the  vidicon camera i s  seeing the p l ane t .  
A s  Mariner approaches Mars the wide angle sensor w i l l  
detect  the  planet ,  and send a s ignal  t h a t  s tops  the 180 degree 
sweep of  the scan platform. The scan platform w i l l  no t  t r a c k  
the  p l ane t .  
Telemetry i s  now switched from a combination of engineering 
da ta  and science da t a  t o  a l l  science,  w i t h  the exception of 
engineering da ta  on the Tv system. 
The next event i s  the acquis i t ion  of Mars by the  narrow 
angle  sensor .  The scan platform i s  now locked i n  place and 
recording .of p i c t u r e s  begins.  S ta r t ing  of the  tape machine 
i s  synchronized w i t h  the sequencing of the t e l ev i s ion  camera. 
-more- 
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The spacecraft  w i l l  sweep pas t  Mars recording p i c t u r e s  
and t ransmit t ing o ther  s c i e n t i f i c  da ta  t o  Earth.  A l l  sc ience 
da t a  w i l l  a l so  be recorded on the tape .  The s i g n a l  being 
t ransmit ted t o  Earth,  te lemetry c a r r i e r  and the Doppler s igna l ,  
w i l l  be transmitted through the Martian atmosphere as the 
Mariner crosses behind the p l ane t  to perform the occu l t a t ion  
experiment. 
 
Transmission from the spacecraf t  w i l l  not be received 
on Earth as  Mariner passes behind Mars. When i t  reappears the 
t racking  s t a t i o n  w i l l  begin a search t o  reacquire  the spacecraf t .  
About 14 hours a f t e r  the  CC&S o r  Earth command was given 
t o  begin the encounter sequence, the  CC&S w i l l  command the 
encounter instruments turned o f f .  Six hours l a t e r  i t  w i l l  
o rder  the  tape recorder  t o  begin the playback of the  p i c t u r e s  
recorded. 
Each p ic ture  w i l l  r equi re  approximately 8 l/3 hours to 
t ransmi t  to Earth. Between each p i c t u r e  the spacecraf t  w i l l  
t ransmit  1 1/2 hours of engineering data. 
w i l l  be played back twice i f  the spacecraf t  has no t  exceeded 
the communication range a f t e r  the f irst  playback. 
The e n t i r e  tape 
After the  p i c t u r e  da t a  has been t ransmi t ted  and i f  the 
Mariner i s  still within communication range, the s c i e n t i f i c  
instruments w i l l  be turned back and the te lemetry format 
switched t o  one-third engineering data ,  two-thirds science 
data. 
continue unt i l  Mariner exceeds the  communication range. 
that poin t  the mission w i l l  end but the Mariner w i l l  continue 
t o  c i r c l e  the Sun i n  a perpetual  solar o r b i t .  
The spacecraf t  i s  again i n  c ru ise  mode and t h i s  w i l l  
A t  
Trajectory 
The Mariners w i l l  be launched from Cape Kennedy a t  a 
s u f f i c i e n t  v e l o c i t y  t o  escape Ear th  plus  the a d d i t i o n a l  ve loc i ty  
required t o  provide an encounter wi th  Mars. 
Escape ve loc i ty ,  25,200 mph, would only be s u f f i c i e n t  
t o  p lace  a Mariner i n  a s o l a r  o r b i t  that  would be near  E a r t h ' s  
o r b i t .  
y i e l d  a s o l a r  o r b i t  that  w i l l  c ross  the path of Mars on a 
given date with the spacecraf t  properly or ien ted  t o  Mars, Earth 
and Sun t o  perform i t s  s c i e n t i f i c  experiments, communicate with 
Earth and rece ive  power from the Sun. 
The add i t iona l  ve loc i ty  i s  ca re fu l ly  ca lcu la ted  t o  
The t o t a l  required ve loc i ty  i s  imparted t o  the spacecraf t  
a t  the po in t  of i n j e c t i o n  by the  Agena-D second s t age .  
v e l o c i t y  and the i n j e c t i o n  point  var ies  from d?y t o  day throughout 
the launch period as the re la t ionship  between t h e  pos i t i on  of 
Earth and Mars changes. 
The f i n a l  
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A typ ica l  i n j e c t i o n  v e l o c i t y  i s  25,663 miles p e r  hour, 
r e l a t i v e  t o  Earth.  A t  encounter a t y p i c a l  spacec ra f t  v e l o c i t y  
would be 11,405 mph, r e l a t i v e  t o  Mars. It i s  requi red  t o  state 
v e l o c i t i e s  i n  the  r e l a t i v e  sense because the v e l o c i t y  of a 
body i n  the s o l a r  system i s  based on the p o s i t i o n  of the 
observer .  
To an observer on Ear th  the v e l o c i t y  of Mariner a t  i n j e c t i o n  
would be a s  s t a t e d ,  25,663 mph. To an observer on the 8un 
the  ve loc i ty  of the  spacecraf t  a t  i n j e c t i o n  would be 87,185 mph. 
T h i s  i s  because the  Ear th  i t s e l f  i s  o r b i t i n g  the Sun a t  a speed 
i n  excess of 60,000 miles per  hour and t h i s  v e l o c i t y  p lus  the  
i n j e c t i o n  v e l o c i t y  i s  imparted t o  the  spacec ra f t  a t  i n j e c t i o n .  
The ve loc i ty  of t he  spacec ra f t  r e l a t i v e  t o  Earth a t  i n j e c t i o n  
w i l l  slowly diminish a s  Mariner heads outward from Earth and 
t h e  E a r t h ' s  g r a v i t a t i o n a l  f i e l d  p u l l s  on the  spacec ra f t .  A s  
Mariner approaches Mars t h e  v e l o c i t y  of Mariner w i l l  i nc rease  under 
the a t t r a c t i o n  of the p l ane t .  
A t  launch Mars w i l l  be ahead of Earth. A t  encounter Mars 
w i l l  be t r a i l i n g  Ear th  by approximately l5O,OOO,OOO miles. 
The spacecraf t  w i l l  follow a long curving pa th  around the 
Sun a f t e r  i n j e c t i o n .  
a s  i t s  ve loc i ty  i s  s t i l l  decreasing,  Mars w i l l  ca tch  up w i t h  
t he  Mariner and pass i t .  After t h i s  pass occurs,  Mariner 's  
It w i l l  pass Mars p r i o r  t o  encounter and, 
-more- 
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direction of flight will carry it behind Mars to allow the 
occultation experiment. 
one hour. 
It will be behind Mars for approximately 
Mariner's trajectory is planned to pass behind Mars on a 
line between the equator and the South Pole. 
In designing trajectories for the Mars mission the 
trajectory engineer must satisfy numerous restrictions or con- 
straints that influence the final trajectory. For example, the 
flight time must not exceed certain limits imposed by the lifetime 
of the spacecraft; injection velocities are prescribed by the 
capability of the boost vehicle, thus affecting the transit time; 
for power considerations the spacecraft must always be within 
162 million miles of the Sun; neither Mars nor its two moons 
can be allowed to infringe on the field of veiw of the Canopus 
sensor nor shadow the spacecraft from the Sun; and encounter 
must occur during the viewing period .of Goldstone, the Mojave 
Desert, Calif., station of the Deep Space Network. 
Other factors influencing the trajectory include the effect 
of solar wind pressure on the flight path; the gravitational 
attraction of Sun, Earth, Mars, Mercury, Venus and Jupiter; 
and a requirement that the encounter velocity be kept as low as 
possible. 
-more- 
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In selecting an aiming zone that will determine the path 
- of the spacecraft as it passes Mars, the trajectory engineer 
is required to assure that the Mariner will not impact Mars, 
in order to prevent contamination of the planet by Earth 
microorganisms. 
ments of the scientific experiments aboard the spacecraft, 
example, be designed to yield satisfactory television pictures. 
The aiming zone must also satisfy the require- 
for 
The accuracy of the encounter with Mars will be influenced 
by launch accuracy and the midcourse correction accuracy. 
Calculations after launch will determine if the flight path 
of the spacecraft is within the correction capability of the 
midcourse motor. 
two midcourse corrections in the event the first does not yield 
the desired accuracy for encounter. 
Mariner has the capability of performing 
The accuracies demanded by the launch vehicle and by 
the midcourse motor can be illustrated by the following numbers. 
The injection velocity can vary only by plus or minus 30 miles 
per hour or the resulting trajectory will not be within the 
correction capability of the midcourse motor, At midcourse 
maneuver, an error of one mile per hour will result in moving 
the spacecraft at Mars by 9,000 miles. 
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DEEP SPACE NETWORK 
The Deep Space Network (DSN) consists of four permanent 
space communications stations, a launch tracking station at 
Cape Kennedy, the Space Flight Operations Facility (SFOF) in 
Pasadena, Calif., and a ground communications system linMng all 
locations. 
The four permanent stations, located approximately 120 
degrees apart around t h e  Earth, are at Woomera, Australia; 
Johannesburg, South Africa; and two at Goldstone, Calif. 
Two new stations -- near Canberra, Australia, and 
Madrid, Spain -- are under construction. The Canberra station 
will be operational early in 1965. The Madrid station w i l l  go 
on the air later in the year. 
The DSN is under the technical direction of the Jet 
Propulsion Laboratory for the National Aeronautics and Space 
Administration. Its mission is to track, receive telemetry from 
and send commands to unmanned lunar and planetary spacecraft from 
the time they are injected into orbit until they complete their 
missions. 
Dr. Eberhardt Rechtin is JPL's Assistant Director for 
Tracking and Data Acquisition. Dr. N. A. Renzetti is DSN 
Systems Manager. 
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The Goldstone DSN s t a t i o n s  a r e  operated by J P L  w i t h  
t he  a s s i s t a n c e  of the Bendix Field Engineering Corp. 
E. Larkin i s  J P L ' s  Engineer i n  Charge. 
Walter 
The Woomera and Canberra s t a t i o n s  are operated by the  
Aus t ra l ian  Department of Supply, Weapons Research Establishment. 
S t a t i o n  Manager a t  Woomera i s  W i l l i a m  Mettyear, and J P L ' s  
DSN res iden t  i s  Richard Fahnestock. Canberra s t a t i o n  Manager 
and JPL  DSN res iden t  are Robert A.  Les l i e  and Merideth S .  Glenn, 
r e spec t ive ly .  
The Johannesburg s t a t i o n  i s  operated by the  South African 
government through the National I n s t i t u t e  f o r  Telecommunications 
Research. 
r e s i d e n t  i n  Johannesburg. 
Doug Hogg i s  s t a t i o n  Manager and Paul Jones i s  DSN 
A t  Madrid, JPL w i l l  operate the newest DSN s t a t i o n  under 
an agreement w i t h  the  Spanish government. 
i s  s t a t i o n  Manager, and P h i l  Tardani, a l s o  of JPL, i s  DSN 
r e s i d e n t  i n  Madrid. 
Donald Meyer of J P L  
The 1964 Mariner mission t o  Mars w i l l  span a t i m e  per iod of' 
The Deep Space Net w i l l  monitor the  Mariner about nine months. 
spacec ra f t  continuously. 
degrees coverage around the Earth so tha t  one o r  more of t h e i r  
85-foot antennas can always point toward the Epacecraft. 
The permanent s t a t i o n s  provide 360 
-more- 
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Nerve cen te r  of the  Net i s  the  Space F l i g h t  Operations 
F a c i l i t y  a t  JPL Headquarters i n  Pasadena. 
s t a t i o n s  and Goldstone are l inked t o  t h e  SFOF by a communications 
network, allowing t racking and telemetry information t o  be sen t  
t h e r e  f o r  ana lys i s .  
The overseas 
A l l  of  the  Deep Space S ta t ions  of t he  DSN a r e  equipped with 
85-foot diameter antennas, t ransmi t t ing ,  receiving,  data handling, 
and i n t e r s t a t i o n  communication equipment. Microwave frequencies 
(S-band) w i l l  be used i n  all communications w i t h  the Mariner 
spacecraf t .  
The Pioneer s t a t i o n  a t  Goldstone, along w i t h  Canberra, 
Woomera and Johannesburg, w i l l  be primary s t a t i o n s  f o r  the 
mission. Each has a 10,000 watt t r a n s m i t t e r .  The Venus research 
and development s t a t i o n  a t  Goldstone, wi th  a 100,000 watt t r ansmi t t e r ,  
w i l l  provide command backup capab i l i t y  should more power be re- 
quired l a t e  i n  the  mission. 
w i l l  be used f o r  Ranger lunar  missions which may occur during 
Mariner t r a n s i t  t o  Mars. 
Another Goldstone s t a t i o n  -- Echo -- 
The Madrid and Echo s t a t i o n s  w i l l  probably assist i n  
monitoring the Mariner spacecraf t  during p l ane t  fly-by. 
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Tracking data obtained early during launch will be 
computed both at Cape Kennedy and at the Central Computing 
Facility in the SFOF so that accurate predictions can be sent 
to the DSN stations giving the location of Mariner in the sky 
when it appears on the horizon. 
Scientific and engineer5ng measurements and tracking data 
radioed from a spacecraft are received at one of the stations, 
recorded on tape and simultaneously transmitted to the SFOF 
via high speed data lines, teletype or microwave radio. In- 
coming information is again recorded on magnetic tape and 
entered into the SFOF's computer system for processing. 
At approximately halfway to Mars, the two Mariner space- 
craft will both be in view of the same DSN antenna at the same 
time. The station viewing both spacecraft will simultaneously 
transmit to the SFOF real-time telemetry data from one space- 
craft and record and store telemetry data from the other for 
later transmission or transportation to JPL.  
Scientists and engineers seated at consoles in the SFOF 
have pushbutton control of the displayed information they re- 
quire either on TV screens in the consoles or on projection 
screens and automatic plotters and printers. 
formation also is stored in the computer system disc file and is 
The processed in- 
available on command. 
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This major command center, designed for 24-hour-a-day 
functioning and equipped to handle two spaceflight missions 
concurrently while monitoring a third, is manned by some 250 
personnel during critical events -- launch, midcourse maneuver, 
planet encounter -- of a Mariner mission. 
In the SFOF's mission control area, stations are set up 
for the project manager, operations director in charge of the 
mission, operations manager responsible for physical operation of 
the SFOF, information coordinator and for representatives from the 
supporting technical teams. 
Mission control personnel are supported by three technAca1 
teams. Space Science Analysis is responsible for evaluation of 
data from the scientific experiments aboard the spacecraft and 
for generation of commands controlling the experiments. 
Flight Path Analysis is responsible for evaluation of tracking 
data determination of flight path and generation of commands 
affecting the trajectory of the spacecraft. 
Spacecraft Performance Analysis evaluates the condition of 
the spacecraft from engineering data radioed t o  Earth and 
generates commands to the spacecraft affecting its performance. 
-more- 
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MARINER PROJECT TEAM 
The National Aeronautics and Space Administration's pro- 
grams for unmanned investigation of space are directed by 
Dr. Homer E. Newell, Associate Administrator for Space Science 
and Applications. Oran W. Nicks is the Director of OSSA'S 
Lunar and Planetary Programs and G l e n n  A. R e i f f  is the Mariner 
Program Manager. 
engineer and James Weldon is program scientist. Joseph B. Mahon 
is Agena Program Manager for OSSA'S Launch Vehicle and Pro- 
pulsion Programs. 
Andrew Edwards is NASA's Mariner program 
NASA has assigned Mariner project management to the J e t  
Propulsion Laboratory, Pasadena, Calif., which is operated 
by the California Institute of Technology. Dr. William H. 
Pickering is the Director of JPL and Assistant Director 
Robert J. Parks heads J P L I s  lunar and planetary projects. 
Jack N. James is Mariner Project Manager. His two assistant 
project managers are Wilbur A. Collier and Theodore H. Parker. 
In a staff capacity, Norman R. Haynes is in charge of mission 
analysis and planning, and John S. Reuyl, launch constraints. 
Richard K. Sloan is the Mariner Project Scientist. 
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The p ro jec t  i s  divided i n t o  fou r  systems: 
Spacecraft  
Spacefl ight  Operations 
Deep Space Network 
Launch Vehicle 
The f i r s t  three systems a r e  assigned t o  the Jet  Pro- 
pu ls ion  Laboratory. 
Research Center, Cleveland, f o r  the Atlas-Agena launch vehicle .  
D r .  Abe S i l v e r s t e i n  i s  the Direc tor  of Lewis Research Center. 
Launch operations f o r  Lewis are d i r ec t ed  by Goddard Space 
F l i g h t  Center Launch Operations a t  Cape Kennedy. 
The f o u r t h  i s  assigned t o  N A S A ' s  L e w i s  
A few of the many key personnel i n  each of the systems 
are l i s t e d .  
Dan Schneiderman Spacecraf t  System Manager 
John R. Casani - Spacecraft  Pro jec t  Engineer 
Milton T. Goldfine - Spacecraft  Operations Manager 
James Maclay - Environmental Requirements Engineer 
Richard A. Welnick - Quali ty  Assurance Engineer 
David E. Shaw - Spacecraft  Program Engineer 
A. Nash W i l l i a m s  - Spacecraft  Launch Vehicle In t eg ra t ion  
Herbert G. T ros t l e  - Space Science 
James N. Bryden - Spacecraf t  Telecommunications 
James D. Acord - Spacecraf t  Guidance and Control 
-more- 
Janes H. Wilson - Spacecraft  Engineering Mechanical 
Douglas S. Hess - Spacecraft  Test  F a c i l i t i e s  
Bruce Schmitz - Post- inject ion propuls ion and pyrotechnics  
Wade G. Earle - T e s t  Conductor, F i r s t  f l i g h t  spacecraf t  
Max E. Goble - Test  Conductor, Second f l i g h t  spacecraf t  
H. Holmes Weaver - T e s t  Conductor, Test  model spacecraR 
Thomas S. Bilbo Spacefl ight  Operations Systems 
David W. Douglas - Spacefl ight  Operation Direc tor  
Don B. Sparks - F a c i l i t y  Operations Manager 
Frank G. Curl - Data Processing Pro jec t  Engineer 
Jay F. H e l m s  - Communications 
Manager 
D r .  Nichola A. Renzet t i  Deep Space Network System Manager 
Arthur T, Burke - Projec t  Engineer 
Clarence A. Ho l r i t z  - DSN Operations Manager 
D r .  S. Hitnmel Launch Vehicle System Manager 
C. Conger - Assis tan t  Launch Vehicle System Manager 
R. Gedney - Projec t  Engineer 
D. E. Forney - Chief of Agena F i e l d  Engineering Branch 
Robert H. Gray - Chief of Goddard Launch Operations 
Harold Zweigbaum - Manager of Atlas-Agena Launch Operations 
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CONTRACTORS 
The Atlas, designed and built by General Dynamics/Astronautics 
(GD/A), San Diego, Calif., is purchased through the Space 
Systems Division of the U.S. Air Force Systems Command and 
Rocketdyne Division of North American Aviation, Inc., of 
Canoga Park, Calif . , builds the propulsion system. Radio command 
guidance is by Defense Division of General Electric Co. and 
ground guidance computer by the Burroughs Corp. 
Some of the key General Dynamics personnel are Charles S. 
Ames, vice president and project director for space launch vehicles; 
Jim Von Der Wische, project engineer for Mariner; Tom O'Malley, 
GD/A launch operations; Cal Fowler, launch conductor on Complex 13; 
and Orion Reed, launch conductor on Complex 12. 
The Agena D stage and its mission modifications are purchased 
directly by the Lewis Center from Lockheed Missiles and Space 
Co. (LMSC) Sunnyvale, Calif. Bell Aerosystems Co. Buffalo, N.Y., 
provides the propulsion system. Jack L. Shoenhair is manageP of 
medium space vehicles for LMSC, Peter J. Ward is Mariner program 
manager, Malcom E. Avery is Mariner project engineer and Bud Zeller 
is Mariner operations test director. 
Many contractors provided components, assemblies and personnel 
to the project. 
Jet Propulsion Laboratory who provided instruments and hardware for 
Mariner Mars 64 follows. 
A list of some 61 key subcontractors to the 
Their contracts amounted to $21.1 million. 
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SUBCONTRACTORS 
Advanced S t ruc tu res  Divis ion 
Whittaker Corp. 
Las Mesa, Calif. 
A i r r i t e  Products 
Divis ion of Electrada corp. 
Los Angeles, Calif. 
Alpha-Tronics corp. 
Monrovia, Calif . 
_- 
Anadite Co. 
LOS Angeles, Calif. 
Anchor P la t ing  CO. 
E l  Monte, Calif. 
Applied Development Corp. 
Monterey Park, Calif . 
Astrodata InC. 
Anaheim, Calif. 
Barnes Engineering Co. 
Stamford, Conn. 
Bendix Corp. 
S c i n t i l l a  Division 
Santa A n a ,  Calif. 
Bergman Manufacturing Co. 
San Rafael, Calif. 
Cannon E l e c t r i c  Co. 
Los Angeles, Calif. 
CBS Labora tor ies  
Divis ion of Columbia Broadcasting 
System, Inc. 
Stamf'ord, Conn. 
spacecraf t  hi-gain antennas 
midcourse propuls ion f u e l  
tanks, n i t rogen  tanks 
data automation system 
analog-to-pulse wid th  conver- 
t e r s  
surface treatment of 
s t r u c t u r a l  elements and 
chass i s  
Gold p l a t i n g  
ground te lemetry decommu- 
t a t o r s ,  p r i n t e r  programmers 
time code gene ra to rh rans -  
read-write-verif y equipment, 
encoder simulator,  and 
spacec ra f t  system tes t  data 
system 
lators, ground command 
Canopus star t r a c k e r  e l e c t r o -  
n i c s  
connectors 
chass i s  forg ings  
c onne c t o r s  
image d i s s e c t o r  tubes f o r  
Canopus s ta r  t r a c k e r s  
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Computer Control Co, Inc. 
Framingham, Mass. 
Correlated Data Systems COT. 
Glendale, Calif 
Data-Tronix Corp. 
King of' Prussia, Pa. 
Delco Radio Division 
General Motors Corp. 
Kokomo, Snd. 
Digital Equipment corp. 
LOS Angeles, Calif. 
Dunlap and Whitehead Manufacturing Co. 
Van Nuys, Calif. 
Dynamics Instrumentation Co. 
Monterey Park, Calif. 
The Electric Storage Battery Co. 
Raleigh, N.C. 
Electro-optical Systems, Inc. 
Pasadena, Calif. 
Electronic Memories, Inc. 
Los Angeles, Calif. 
Engineered Electronics Co. 
Santa Ana,  Calif. 
Fargo Rubber Corp. 
Los Angeles, Calif. 
real time data automation 
system logic cards for 
scientific instruments, 
operational support equipment, 
DAS voltage-to-pulse 
width converters 
spacecraft external power 
source and solar panel 
simulators, voltage controlled 
oscillators 
voltage controlled oscillators 
telemetry format simulators 
data automation system 
operational support data 
system 
midcourse propulsion and 
structural elements 
ground telemetry consoles, 
assembly of planetary scan 
subsystem electronics 
spacecraft batteries 
ion chamber assemblies, 
assembly and test of space- 
craft solar panels, modifi- 
cation and test of spacecraft 
power system, spacecraft 
assembly cables 
magnetic counter assemblies 
for spacecraft central com- 
puter and sequencer 
non-real time data automation 
system 
midcourse propulsion fuel 
tank bladders 
-more- 
r 
. 
Farrand Optical  
New York, N.Y. 
t e l e v i s i o n  o p t i c a l  systems 
Frank l in  Elec t ronics ,  
I Bridgepor t ,  Pa. 
ground te lemet ry  high speed 
d ig i t a l  p r i n t e r s  
General Dynamics corp. 
General Dynamics/Electronics 
San Diego, Calif. 
assembly of t e l e v i s i o n  subsystems 
General Electrodynamics Corp. 
Garland, Texas 
v id icons  and t e l e v i s i o n  tube 
test  set  
Grindley Manufacturing Co. 
Los Angeles, Callf. 
midcourse propuls ion  j e t  vanes, 
f u e l  manifolds, ox id i ze r  tank 
shell ,  and supports  
Hi-Shear Corp. 
Torrance, Calif. 
squibs  
Hughes Aircraf't Co. 
Microwave Tube Divis ion 
Los Angeles, Calif. 
I M C  Magnetics Corp. 
Westbury, N.Y. 
t r a v e l i n g  wave tubes  
s o l a r  vane a c t u a t o r s  
I n t e r n a t i o n a l  Data Systems, Inc. 
Dallas, Texas 
ground command modulation checker, 
t e l  eme t r y  power supp l i e s  
Kea r fo t t  Divis ion 
General Precis ion,  Inc. 
Los Angeles, Calif. 
gyroscopes, j e t  vane a c t u a t o r s  
Lawrence Indus t r i e s ,  Inc. 
Burbank, Calif . p r i n t e d  c i r c u i t s  
Lockheed E lec t ron ic s  Co. 
Div is ion  Lockheed A i r c r a f t  carp. 
Los Angeles, Calif. 
s o l a r  c e l l  modules and magnetic 
s h i f t  register f o r  c e n t r a l  computer 
and sequencer 
Lockheed A i r c r a f t  Serv ice  co. 
Div is ion  Lockheed A i r c r a f t  Corp. 
Ontario, Calif . 
spacecraf t  low-level p o e i ? i m e r s  
Magnamill 
Los Angeles, Calif. 
Massachusetts I n s t i t u t e  of Tech. 
Div i s i o n  of Sponsored Research 
Cambridge, Mass. 
s t r u c t u r a l  elements and c h a s s i s  
Plasma probes 
t c 
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Metal Bellows Corp. 
Chatsworth, Calif . 
Milbore Co. 
Glendale, Calif . 
Mincom Division 
Minnesota Mining and Manufacturing 
co . 
Camarillo, Calif. 
Motorola, Inc. 
Mi l i t a ry  Electronics  Division 
Scot t sda le ,  Arizona 
Nort onic s 
A Division of Northrop Corp. 
Palos Verdes Es ta tes ,  Calif . 
Philco Corp. 
Palo Al to ,  Cal i f .  
P r o t o  Spec 
Pasadena, Calif . 
Pyronetics,  Inc. 
Santa Fe Springs, Calif. 
Rantec Corp. 
Calabasas, Calif .  
Raymond Engineering Laboratory, 
Inc . 
Ryan Aeronautical Co. 
Aerospace Division 
San Diego, Calif .  
Siemens and Halske AG 
Munich, West Germany 
Space Technology Laborator ies  
E l  Segundo, Calif. 
midcourse propulsion oxid izer  
bellows assembly 
midcourse propuls ion engine 
components 
ground telemetry tape recorders  
spacecraf t  transponders,  command 
systems and assoc ia ted  opera t iona l  
support  equipment, and D S I F  
equivalent  opera t iona l  support  
equipment 
Development and support  of a t t i t u d e  
con t ro l  e l e c t r o n i c s  
in t eg ra t ed  c i r c u i t  sequence 
generator  system, spacecraf t  
antenna feeds and spacecraf t  
antenna subsystem tes t s  
chass i s  and subchassis 
midcourse propulsion system 
explosive ac tua ted  valves  
S-Band c i r c u l a t o r  switches, 
p re-se lec t ion  and band r e j e c t i o n  
f i l t e r s  
spacecraf t  video s torage  tape 
recorder  
spacecraf t  s o l a r  panel s t r u c t u r e  
Fu? amplifier tubes 
spacecraf t  c e n t r a l  computer and 
sequencer and assoc ia ted  opera- 
t i o n a l  support  equipment 
-more- 
Sperry U t a h  Co. 
A Division of Sperry Rand Corp. 
Salt Lake City,  Utah 
magnetometer mapping f i x t u r e  
State Universi ty  of Iowa 
Lowa Ci ty ,  Iowa 
trapped r a d i a t i o n  d e t e c t o r s  
Sterer Engineering and Manufacturing va lves  and r e g u l a t o r s  f o r  
co. a t t i t u d e  con t ro l  gas system 
North Hollywood, Calif . 
Texas Instruments, Inc. spacecraf t  video s torage  subsystem 
Apparatus Division e l ec t ron ic s ,  spacec ra f t  data 
Dallas, Texas encloders and a s soc ia t ed  opera- 
tional support  equipment, helium 
magnetometers, a t t i t u d e  con t ro l  gyro 
e l e c t r o n i c s  assemblies data 
demodulators 
Textron Elec t ronics ,  Inc. s i l i c o n  photovol ta ic  s o l a r  c e l l s  
Hel iotek Divis ion 
Sylmar, Calif. 
Thompson Ram0 Wooldridge, Inc. thermal con t ro l  louverg and 
Redondo Beach, Calif. power conver te rs  
Univac spacecraf t  data automation 
Divis ion of Sperry Rand Corp. 
St.  Paul, M i n n .  
system b u f f e r  memory 
The Univers i ty  of Chicago spacec ra f t  cosmic ray te lescopes  
Chicago, Ill. 
Wems, Inc. 
Hawthorne, Calif. 
Wyman Gordon Corp. 
Los Angeles, Calif. 
spacec ra f t  t e l e v i s i o n  e l e c t r o n i c s  
modules, spacec ra f t  a t t i t u d e  
con t ro l  e l e c t r o n i c  modules 
spacec ra f t  s t r u c t u r a l  forg ings  
I n  a d d i t i o n  t o  these  subcontractors, there were over 1,000 
ind iv idua l  firms con t r ibu t ing  t o  Mariner. 
amounted t o  over $19 mill ion.  
These procurements 
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